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ABSTRACT 

The  scope  cf  this  thesis  is  to  take  a  first  step  towards 
making  a  combat  model  "user  friendly"  through  interactive 
compu-er  graphics.  To  accomplish  this  first  step  a  graph- 
ical support  program  was  developed  for  visual/graphical 
representation  of  a  Lanchester-typ?  f orce-cn-f ore?  combat 
model  that  sinulates  a  small-unit  amphibious  operation.  The 
graphical,  support  program  provides  bhe  user  with  a  menu  to 
determine  the  type  cf  visual  display  for  output  data.  Three 
types  cf  visual  displays  are  considered:  (1)  line  graph;  (2) 
bar  chart;  and  (3)  grid  map.  Each  type  provides  a  different 
view  cf  the  model's  output  data.  3y  utilizing  thess  types 
cf  visual  displays,  the  viewer  is  provided  a  supportive 
method  that  enables  him  to  analyze  and  assimulate  the  model 
and    its   output   data. 
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I-   intjqdoxtion 

A.       OVERVIEW 

This  thesis  develops  an  interactive  upgrade  and  a 
interactive  graphical  support  program  which  is  the  main 
thrust  of  the  theses  for  a  small-unit  amphibious  operation 
combat  model  developed  by  James  H .  Crimes  [Ref.  1],  He 
states   the   overview    of   the    model    as    follows: 


"The  model  commences  with  a  ship--1:  o-shore  assault  of 
aggressor      forces         (e.g..        a      U.S.  Marine      Infantry 

Battalion),  mounted  onboard  Landing  Vehicle  Assault 
craft  (LVA)  noving  against  a  dafensive  force  ashore 
located  in  fix  ad  position  along  the  coast  the  aggressor 
force  is  attempting  to  occupy.  Dacs  the  ship- tc-shore 
phase  of  combat  is  completed^  the  model  continues  to 
simulate  iand  combat*  further  inland  between  the 
assaulting  aggressor  forces  and  other  defensive  forces 
occupying    kev    ter::ain.  "      [Ref.    2:    p.     10] 


The  interactive  upgrade  of  the  model  provides  the  user  the 
capability  to  interact  with  the  time  step  interval  and  the 
type  of  output  fcr  each  phase  of  the  model.  The  main  thrust 
of  the  thesis  is  to  support  the  model  with  a  variety  of 
visual  displays  to  facilitate  the  understanding  and  assimu- 
lating  of  both  the  output  data  of  the  model  and  the  model 
itself. 

B.       SMALL-ONIT    AKPHIBIOOS    OPERATION    COMBAT    MODEL 

1 •      Background 

The   small-unit   amphibious   operation    combat    model   has 
been    the    result      of    an   evolutionary    process.  This    process 

was  initiated  by  David  L.  Chadwick  in  his  thesis  [Ref.  3]. 
He  modeled  the  amphibious  assault  of  five  waves  of  LVA 
against    a      defensive    force      composed    of      tanks   and      antitank 
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guided        missiles      (ATGH)  in        fixed      positions        ashore. 

Additionally,  a  land  combat  model  has  been  developed  by 
Joseph  Smoler  ir.  his  thesis  [  Hef .  4]  which  modeled  three 
aggressor  force  units  utilizing  tanks  and  attacking  three 
defensive  force  units  armed  with  tube  launched,  optically 
tracked,  wire  ccmmand  link  guided  missile  systems  (TOW)  in 
fixed  positions.  Smoler* s  model  utilizes  the  Fulda  Gap 
region  of  West  Germany  as  the  location  for  the  land  combat. 
The  land  combat  irodel  was  further  enhanced  by  Glenn  Mills  in 
his  thesis  [Hef,  5]  which  added  flexibility  to  Smoler's 
model.  With  an  amphibious  assault  and  land  combat  medals 
developed,  the  next  step  in  the  process  was  tc  develop  a 
model  which  combined  the  concepts  of  the  two  models  into  one 
which  simulates  an  amphibious  assault.  Soon  Dae  Park  ir.  his 
thesis  [Ref.  6]  integrated  the  two  models  into  a  small-unit 
amphibious  warfare  model.  Park's  model  served  as  the  basis 
for  the  next  evolution  which  is  the  present  configuration  of 
the    model. 

2.      Present    Configuration 

The  present  configuration  of  the  model  is  found  in 
Crimes'  thesis  identified  in  Reference  1.  In  his  thesis  the 
small-unit  amphirious  operation  combat  model  consists  of  two 
distinct,  yet  irterrelatsd  phases.  The  first  phase  is  the 
ship-to-shore  cottbat  phase  which  depicts  an  aggressor  force 
of  five  waves  of  LVA's  against  a  defensive  force  of  one  tank 
and  one  ATGM  unit  in  fixed  locations.  The  second  phase  is 
the  land  combat  phase  where  two  forces  which  consist  of 
three  aggressor  units  of  tanks  and  three  defensive  units  of 
TOW's  battle  each  other  in  the  Fulda  Gap  area  of  West 
Germany.  The  interrelation  of  the  two  phases  results  from 
the  concept  of  an  amphibious  assault  which  begins  at  sea  and 
ends  with  the  accomplishment  of  a  land  objective (s) .  Since 
the      Fulda      Gap    area      is      of     grave   importance      to      military 


commanders,  it  is  only  fitting  that  this  area  be  utilized  to 
provide  the  field  of  battle  daring  the  land  combat  phase. 
The  battle  outcone  cf  both  phases  and  the  initial  input  data 
are  presented  ii  an  alphanumeric  listing  titled  "Amphibl 
Listing".  This  listing  and  the  previously  discussed  phases 
of   the   model    are  the    departure    point    for    the   thesis. 

C.       GOALS    OF    THE    THESIS 

There  are  three  goals  of  the  thesis.  The  first,  goal  is 
to  develop  an  interactive  u parade  of  the  model  that  provides 
the  appropriate  data  management  for  interaction  of  the  model 
with  the  graphical  support.  The  second  goal  is  to  develop 
an  interactive  graphical  support  package  that  provides 
visual  displays  cf  the  data  output  of  the  model.  The  final 
goal  is  to  develop  an  executive  routine  that  interfaces  the 
model  with  the  graphical  support  program.  Before  discussing 
these  goals  an  understanding  of  what  is  interactive  computer 
graphics    is   necessary. 
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II.    GENEFAL    DISCUSSION    OF    COMPUTER    GRAPHICS 

A.       BACKGROUND 

Conputer  graphics  first  entered  into  the  computer  field 
in  1960  when  a  ccmpu-'rer-dri  ven  display  was  attached  to  MIT's 
whirlwind  I  [Ref.  7]  computer  to  generate  simple  pictures. 
The  computer-driven  display  made  use  of  the  cathode-ray  tube 
(CRT)  .  This  CRT  was  similar  in  design  to  the  one  used  in 
television  sets.  Even  with  this  utilization  of  the  CRT,  the 
progress  of  interactive  computer  graphics  was  stifled 
because  of  the  actual  employment  Df  the  computer  in  the 
1950* s.  The  conputer  was  basically  utilized  oy  scientists 
and   engineers   as   "number   crunchers".  Not   until    HIT    devel- 

oped the  TX-0  and  TX-2  Jid  interactive  computer  graphics 
become  feasible,  thus  laying  the  foundation  for  an  academic 
explosion   ir.   this   field   of    computer   utilization   [Ref.    8], 

With  the  new  developments  at  ^!IT  in  the  feild  of 
computer  graphics,  the  stage  was  set  for  a  new  computer 
language  to  facilitate  the  user  in  expressing  his  ideas.  In 
1957,  a  new  computer  language  was  developed  by  J.  W.  Backus 
and  associates  which  was  introduced  by  IBM  and  called 
FORTRAN  [Ref.  9].  The  design  of  the  language  c=nters  around 
a  single  primary  goal:  execution  efficiency.  Even  though 
FORTRAN  provided  users  with  a  more  efficient  means  of  commu- 
nicating with  the  computer,  it  was  net  unitl  the  early 
1960's  that  people  started  to  realize  that  a  more  interac- 
tive method  of  communication  with  the  computer  must  be 
developed.  Thus,  interest  in  graphical  displays  began  to 
grow. 
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A  dissertation  in  1963  by  Ivan  Sutherland  discussing  his 
Sketchpad  system  provided  the  breakthrough  in  utilizing 
interactive  graphical  displays  [Ref.  10].  Sketchpad  system 
comprised  of  programs  which  used  an  interactive  display 
console      that   responded      is    an      input/output    device.  This 

device  accepted  and  displayed  data  in  both  pictorial  and 
alphanumeric  characters  and  also  provided  a  more  efficient 
means      of      contrciling      the      program's      sequence.  3y      the 

mid-1960's  Sutherland  had  seen  his  Sketchpad  system  take  on 
may  changes,  and  in  the  area  cf  graphical  research  a  number 
of  companies  had  initiated  research  projects.  In  the  1970's 
the  fruit  of  these  research  projects  was  felt.  During  the 
early  1970's  many  airline  carriers  installed  on-line 
terminal  systems  to  expedite  the  processing  of  passengers. 
With  the  advent  cf  the  home  computer  and  video  games,  inter- 
active computer  graphics  has  established  itself  as  a  viable 
field    within   the   computer   world. 

B.       DESIGN    PRINCIPLES 

When  designing  an  interactive  computer  system  or 
program,  it  is  only  fit.ting  that  certain  general  design 
principles  be  considered.  The  principles  that  are  relavent 
to   an    interactive   graphical    program    are    [Ref.    11]    : 

1.  Self-explanatory. 

2.  Self-helping    (help    user). 

3.  Simple    interface  with   user. 

4.  Interaction    by    anticipation. 

5.  Optional    verbosity. 


A    self-explanatory   program   is   one      which    displays    to    the 
user    sufficient    explanatory    information    of    the   process    being 
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carried  cut  to  alleviate  the  user  from  having  to  use 
external  manuals  for  explanations.  This  can  be  satisfied  by 
the  designer  by  having  his  program  display  certain  items 
that  are  essential  to  the  understanding  of  the  program's 
process.  These  i-ems  could  be  of  the  form  of  an  introduc- 
tion, a  menu,  messages,  or  reminders  displayed  on  the  CRT. 
A   self-helpir.g      program    provides      a    friendly      atmosphere 

i 

which  dees  diagnostic  checking  of  the  input  to  the  program. 
When  the  user  inputs  an  item  outside  the  bounds  of  the 
guery,  the  program  returns  a  diagnostic  message  stating  the 
fallacy  of  the  ir.put  item.  After  the  message  is  sent,  the 
program   regueries   the   user    and   awaits    further   input. 

Simple  interfacing  with  the  user  is  facilitated  by 
ensuring  that  shcrt,  simple  and  obvious  actions  are  required 
of      the    user.  The    presenting      of      a    menu      where   the      user 

selects  an  optior  of  the  program  could  be  one  form  of  inter- 
facing. It  is  recommended  that  each  menu  be  comprised  of 
groups      of      options      from   five      to      seven      selections.  3y 

limiting  the  menu  selections  to  the  above  numbers,  the  user 
is  tetter  able  tc  assimulate  the  information  and  is  not  ever 
burdened    by   the    amount   of   information    presented. 

An  extremely  beneficial  and  dssirable  feature  of  a 
program  is  interaction  by  anticipation.  Interaction  by 
anticipation  mea rs  that  the  program  is  designed  to  antici- 
pate the  desires  of  the  iser.  These  desires  are  presented 
within  the  optiors  of  the  program.  A  menu  selection  method 
provides  the  options  with  their  numerical  values  from  which 
a  user  would  select  his  desired  option  by  entering  the 
number  corresponding  to  his  choice.  3y  streamlining  the 
program  in  this  aanner,  the  user  is  not  required  to  enter  a 
lengthy   line   of    input    in    order    to    manipulate   the    program. 

The  final  principle,  optional  verbosity,  can  be 
described  as  a  program  with  two  levels  of  detail.  One  level 
for      the   novice      or    first-time      user      will    contain      detailed 
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information  concerning  the  program  and  the  actions  required 
of  the  user.  Whereas,  the  other  l?vel  will  provide  little 
or  no  information  and  abbreviated  communications  both  to  and 
from  the  computer  program.  The  type  of  terminal  that  is 
being  used  will  determine  the  amount  or  lack,  thereof  of 
optional    verbosity. 

The  design  principles  above  provide  a  foundation  for  the 
development   of      an    interactive   graphical    prcgram.  &t   this 

concourse  in  the  thesis  a  discussion  about  the  principles  of 
chart    and   graph    design  is   pertinent. 

C.       PRINCIPLES    01    CHART    DESIGN 

Charts  and  graphs  provide  a  medium  for  explaining, 
interpreting  and  analyzing  numerical  facts  by  means  of 
points,  lines,  areas  and  other  geometric  forms  and  symbols. 
They  present  a  form  of  visual  communication  which  presents  a 
more  clearly  grasped  and  more  easily  remembered  representa- 
tion of  guan+it stive  data.  Charts  and  graphs  can  help 
visualize  hidden  facts  and  relationships,  as  well  as  provide 
a  comprehensive  picture  of  a  problem.  They  alone  are  not 
the  total  substitute  for  presentation  of  data,  but  they 
should  be  used  in  conjunction  with  tabular  forms  and  other 
forms   of   Dresentation  [Ref.     12]. 

The  design  ar.d  layout  of  charts  and  graphs  are  governed 
by  certain  basic  principles.  The  designer  should  first 
become  famaliar  with  the  type  of  data  to  be  presented  in 
graphic  form.  He  must  digest  the  material  and  become  aware 
of  the  major  implications  associated  with  the  material. 
Along  these  lines  the  designer  should  focus  on  the  methods 
that  are  utilized  to  produce  the  data  and  an  understanding 
of  the  subject  matter  which  produced  the  data.  Secondly  a 
decision  concerning  the  type  of  chart  or  graph  that  will 
appropriately  represent   the    data    is   made.      There    are    several 
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factors    which   enter      into   a    decision    of   this      kind,       such    as 
[Ref.    13]    : 

1.  Nature    of   the    data. 

2.  Medium    cf  presentation. 

3.  Purcose    of   the    chart. 

4.  Time   available    for    preparation. 

5.  Audience   for    whom   the   chart    or 
graph    is   intended. 


The  first  factor,  nature  of  the  data,  has  the  designer 
focusing  upon  the  data  itself.  Some  forms  of  date,  dc  not 
lend  themselves  to  graphical  representation,  thereby 
utilizing   a      form  of    a  table     to   present   the   data.  If   the 

data  are  classified  by  some  form  of  geographical  category, 
the  designer  ccu]d  present  the  data  in  the  form  of  a  map  to 
illustrate   the      geographical   categories.  For   time      series 

data  the  designer  is  able  to  select  from  a  variety  of  charts 
fcr  representation  of  the  data.  Once  the  nature  of  the  data 
has  been  de term i red  and  a  decision  on  the  type  of  chart  or 
graph  to  design,  the  designer  must  now  consider  the  medium 
of   presentation    cf    the  chart   or    graph. 

The  medium  of  presentation  relates  to  the  aseage  cf  the 
chart  or  graph.  Charts  or  graphs  may  be  used  in  a  number  of 
ways.  Some  of  these  ways  are  for  reproduction  in  books, 
reports,  papers  or  any  other  form  of  typewritten  work, 
lectures,  slides,  and  other  forms  of  media.  Since  there  is 
such  a  vast  array  of  mediums  of  presentations,  the  designer 
must  consider  the  possibility  of  reproduction,  the  type  of 
reproduction,  and  the  amount  of  reduction  cf  his  design. 
The  are?s  where  his  concern  are  focused  on  are  the  overall 
size  of  the  chart,  thickness  of  lines,  size  and  style  of 
lettering,    the   positioning    of   the   lettering   and    a    variety   of 
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other   details  of   the   chart    or   graph.      Along   with    considering 

the    medium    cf      presentation    the    designer    must      also    consider 
the    purpose   of   the    chart    or    graph. 

In  conjunction  with  the  purpose  of  the  chart  the 
designer  must  ensure  that  his  design  fulfills  certain  basic 
objectives.  Schmid  [Ref.  14]  listad  the  following  basic 
objectives: 

1.  Accurate   representations    of   the   facts. 

2.  Clear,    easily    read,    and   understood. 

3.  So    designed   and   constructed    as    to    attract 
and  hold  attention. 


Along  with  the  a  rove  basic  objectives  each  chart  or  graph  is 
designed      with      cne      or   more      specific      objective (s) .  The 

designer   must   corstantly   remind      himself   of   the    objective  (s) 
of    his   chart    or    graph   so    that  he   does    not    loose    sight    of   the 
purpose   cf   his   design. 

Another   factcr   that   the    designer   must   be   aware    cf   is   the 
time    available      for    preparation.  \    designer      could   become 

unduly  concerned  with  the  time  element  and  cost  of  a  project 
causing  his  work  to  be  harried  and  sloppy.  If  he  indulges 
in  useless  details,  he  could  waste  time  and  clutter  the 
design  with  non-essential  information.  By  planning  his  time 
and  covering  the  subject  adequately,  the  designer  is  able  to 
produce    a    work   of  high  quality. 

The    final      factor  that    a      designer    must   consider      is    the 
audience      to   when      the      chart   or      graph      is   intented.  The 

designer  is  concerned  with  the  technical  knowledge  of  the 
audience  in  the  realm  of  graphics  presentation.  The  tech- 
nical knowledge  cf  his  audience  will  determine  the  type  and 
detail   required    in    his   design. 
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In  this  and  the  previous  section  a  discussion  of  the 
principles  behind  interactive  computer  graphics  and  chart 
design  have  been  provided  to  illuminate  zhe  thrust  of  this 
thesis. 
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III.     SMALL-UNIT    AMPHIBIOUS    OPERATION    COMBAT    MODEL    UPGRADE 

A.       OVERVIEW 

The  small-unit  amphibious  operation  combat  model 
presently  consists  of  two  combat  phases  of  an  amphibious 
assault.  Figure  3-1  in  Crites1  thesis  provides  the  scheme 
of  the  flow  and  sequence  of  events  for  the  model.  Within 
the  sequence  of  events  is  depicted  two  submodels  which 
comprise      the      overall     model.  The      ship-tc-shore      conbat 

submodel  handles  the  amphibious  operation  from  a  distance  of 
twenty-five  miles  at  sea  to  the  shore.  The  land  combat 
submodel  handles  the  battle  once  tha  aqgresscr  forces  hav® 
reached  shore  and  started  their  land  assault.  The  sequence 
of  events  for  the  two  submodels  are  found  in  Figures  3-3  and 
3-7  in  the  above  reference.  Each  submodel  has  its  own  input 
data  file.  For  the  ship-to-shore  combat  submodel  the  input 
data  file  SSA1  EATA  and  for  the  land  combat  submodel  the 
input  data  file  LAND  DATA  are  used  (See  Appendix  B) .  Since 
this  thesis  was  a  first  step  towards  making  this  combat 
model  "user  frierdly",  the  author  fait  that  the  development 
of  the  interact  :ve  graphical  support  should  be  a  separate 
program.  This  decision  of  maintaining  separate  programs 
(e.g.  the  small-unit  amphibious  operation  combat  model  and 
the  interactive  graphical  support  programs)  lead  to  a  rede- 
fining of  the  data  management  within  the  model's  program  and 
developing  an  executive  program  to  execute  the  •'two  programs. 
The  data  management  is  discussed  in  the  next  section, 
whereas  the  executive  program  is  discussed  in  Chapter  V  of 
this    thesis. 
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B.  DATA    MANAGEMENT 

The  data  management  within  the  model  consisted  )£  the 
employment  of  arrays  to  store  the  input  and  processed  data 
during  the  execution  of  the  model.  dith  the  development  of 
the  interactive  graphical  support  program,  the  management  of 
the  data  transfer  between  the  support  program  and  the 
model's  program  had  to  be  accomplished  within  the  const- 
raints of  the  FCRTRAN  language  [Hef.  15]  and  the  method  of 
storage   in      the    IBM    3033.  Once   the    appropriate      data    were 

processed  and  stored  within  the  combat  model,  the  next  step 
was  to  transfer  the  data  from  the  model's  program  to  files 
established  on  magnetic  disk  by  the  executive  program  (See 
Appendix  C) .  This  transfer  was  accomplished  by  adding 
various  write  statements  within  the  model's  program.  To 
transfer  the  data  from  the  files  to  the  support  proaran.  and 
place  the  data  within  the  appropriate  data  structures,.  a 
special  subprogram  titled  Input  was  developed  tc  handle 
these      functions    (See     Appendix      A).  The   data      structures 

utilized  in  the  support  program  paralleled  those  used  in  the 
model:  arrays.  Having  established  the  data  structure  and 
management  for  the  thesis,  the  next  step  was  to  determine 
which  input  data  varaibles  of  the  model  were  candidates  for 
being   entered    interactively. 

C.  ITERACTIVE    FEATURES 

There  were  two  input  lata  variables  of  the  model  that 
were  candidates  for  restructuring  as  interactive  inputs  by 
the  user.  Within  the  area  of  data  output  it  was  felt  that 
the  user  should  be  allowed  to  interactively  select  the 
detail  of  the  battle  summary  that  he  desired.  The  model's 
program  was  upgraded  by  providing  a  menu  from  which  the  user 
would  select  the  desired  detail  of  the  battle  summary  (See 
Appendix  A).    The  other  feature   selected  was  the  time  step 
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which  determines  the  interval  that  the  model  utilizes  for 
each  iteration.  The  time  step  is  presently  hard  wire!  in  at 
ten  second  intervals.  This  static  interval  does  not  provide 
the  flexibility  for  the  user  to  effectively  analyze  the 
data.  Therefore,  the  time  step  was  changed  to  ar.  interac- 
tive item  allowing  the  user  the  opportunity  to  input  the 
interval  for  analyzing  the  data  over.  Although  there  are  a 
number  cf  other  candidates  within  the  model's  program  for 
•cransistion ,  these  two  input  data  variables  were  selected 
due  to  the  time  element  not  being  sufficient  to  convert  all 
of   the    possible    candidates. 
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IV.    I MTJIl ACTIVE    GRAPHICAL    SUPPORT    DESIGN 

A.       OVERVIEW 

The  interactive  graphical  support  for  a  small-unit 
amphibious  operation  combat  model  consists  of  a  main  program 
and  five  subprograms .  The  main  program  uses  subroutines  to 
input  the  data  generated  from  the  execution  of  the  small- 
unit  amphibious  operation  combat  model,  to  initialize  the 
data  for  further  use  within  the  program,  and  to  guide  the 
user    toward      the   graphical    display      of    the    data.  The    main 

program  consists  of  five  features  which  perform  its  func- 
tions. The  firs-:  featura  is  the  data  handling  feature  which 
manipulates  the  data  by  inputting,  storing  and  initializing. 
This  feature  handles  this  process  by  calling  two  subroutines 
within  the  suppcrt  program.  The  second  feature  of  the 
support  program  is  the  interactive  faature  which  interacts 
with  the  user  r  -:garding  the  selection  process  dealing  with 
the  introduction  and  graphics  representation  of  the  model's 
output  data.  T  l:e  third,  fourth  and  fifth  features  of  the 
support  program  contain  the  appropriate  FORTRAN  subroutines 
for  producing  line  graphs,  bar  charts  and  a  grid  map.  The 
latter  three  fea~ures  are  independent  of  the  other,  but  they 
depend  upon  th€  selection  process  of  the  interactive 
feature.  Figure  4.1  describes  the  method  for  the  flow  and 
sequence  of  everts  in  the  main  program.  As  previously 
mentioned  each  feature  of  the  support  program  has  its  own 
unique  purpose,  and  a  detail  elaboration  of  each  feature 
will  be  presented  so  that  the  reader  can  appreciate  the 
contribution  of  sach  feature  to  the  overall  support  program. 
Before  beginning  the  discussion  of  these  features,  it  is 
pertinent   at    this   p cint    to    present    to    the   reader    an 
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Figure   4. 1        Sequence  o f   Events   in    the   Main   Program. 
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explanation  of  the  software  utilized   in  developing  the  last 
three  features. 

B.   DISSPLA 

The  software  utilized  to  develop  the  last  three  features 
cf  the  support  program  is  DISSPLA  [Ref.  16].  DISSPLA  is  an 
acronym  which  stand  for  Display  Integrated  Software  System 
and  Plotting  LAanguage  with  the  capital  letters  making  up 
the  acronym.  It  is  a  proprietary  software  product  of 
Integrated  Software  System  Corporation  (ISSCO) .  DISSPLA  is 
written  in  the  computer  language  of  FORTRAN  utilizing 
subroutines  as  the  basic  foundation  of  the  software.  It  is 
computer  independent  in  that  it  has  been  designed  for  both 
the  mainframe  aid  super-minicomputers.  It  is  also  device 
independent  enabling  the  user  to  utilize  different  graphics 
output  devices.  The  selection  of  the  graphics  output  device 
is  determined  by  a  single  call  to  the  device  nomination 
routine.  DISSPLA  provides  many  levels  of  sophistication  to 
the  user.  It  can  produce  simple,  quick  or  high  quality, 
professional  plots  with  the  degree  of  sophistication  cont- 
rolled by  the  user.  To  effectively  use  DISSPLA  all  that  is 
needed  is  a  basic  knowledge  of  FORTRAN  and  access  to  a 
pocket  guide  (Ref.  17]  or  user's  manual.  Another  book 
titled  "DISSPLA  First  Facts"  [Ref.  18]  is  benefical  to  the 
first  time  user  teacause  it  illustrates  the  different  types 
of  graphics  anc  levels  of  sophistication  available  in 
DISSPLA.  With  an  idea  of  the  software  utilized  in  this 
thesis,  let  us  now  take  a  look  at  the  five  features  of  the 
interactive  graphical   support   program. 
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C.  DATA    HANDLING   FEATURE 

The  data  handlinq  fsa'-ar?  is  the  first  feature  employed 
within  the  main  program.  This  feature  is  imperceptible  to 
the  user;  since  he  is  unaware  of  the  execution  of  the  func- 
tions of  this  feature.  This  feature  provides  for  the 
inputting,  storirg  and  initializing  of  the  aaia  generated  by 
the  combat  model.  It  handles  its  functions  by  the  use  of 
two  subroutines  within  che  support  program.  The  Input 
subroutine  acquires  the  generated  data  cf  the  combat  model 
from  the  disk  space  and  stores  the  data  into  the  appropriate 
arrays  and  variatles.  The  Inital  subroutine  determines  if 
the  attrition  data  are  too  voluminous  for  use  in  the  line 
graphs,  and  if  so,  transistions  the  attrition  data  by  a 
sequential,  deterministic  process  into  a  smaller  attrition 
data  base.  Upon  the  termination  of  the  functions  of  this 
feature,  the  mair.  program  is  ready  to  begin  interfacing  with 
the   user. 

D.  INTERACTIVE    FEATURE 

The  interactive  feature  of  the  main  program  is  the  first 
feature  that  the  user  encounters.  This  feature  is  the  work 
horse  cf  the  program  providing  the  interface  with  the  user, 
querying  the  user  for  and  maintaining  his  selections,  and 
guiding  the  user  through  various  menus  culminating  with  the 
entrance  into  on<=  of  the  other  features  (i.e.  line  graph, 
bar    chart,      or   grid    map)  .  This   feature    is   designed   around 

the  principles  cf  simple  interfacing  and  interaction  by 
anticipation.  Simple        interfacing      is        accomplished      by 

requiring  the  user  to  respond  only  to  the  queries  by  either 
a  simple  press  cf  the  "enter"  key  on  the  keyboard,  or  by 
typing  in  the  nunerical  value  of  the  m«=nu*s  option  or  cf  the 
input  data  variarle  requested.  As  for  interaction  by  anti- 
cipation,     it   is      accomplished    by   providinq   the      user    with   a 
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menu      selectioL    process     which     anticipates      his   desires      in 

reaching  the  goal  of  griphical  representation  of  the  model's 
output  data.  Figure  4.2  illustrates  the  seguencing  of  the 
menus      within   th€      support       program.  Appendix    A,         user's 

manual,  provides  a  more  detailed  explaination  of  each  menu 
in    Figure    4-2. 

E.       LINE    GRAPH    FEATURE 

The  next  feature  within  the  main  program  is  the  line 
graph  feature.  The  purpose  of  this  feature  is  to  construct 
a  graphical  representation  of  the  attrition  data  of  the 
forces  employed  vithin  the  two  combat  phases  of  the  small- 
unit  amphibious  operation  combat  model.  The  attrition  data 
utilized  in  the  line  graph  represent  the  percentage  of  a 
unit  remaining  during  the  execution  of  comba4-.  The  associa- 
tion between  the  attrition  data  and  the  time  step  used  in 
the  combat  model  is  depicted  by  the  connected  data  points 
displayed    in      the  line   graph.  The    line    graph      also   illus- 

trates the  depletion  of  the  unit's  strength  per  time  step  as 
the  combat  progresses.  Thus,  the  line  graph  correlates  the 
percentage  of  ur.its  remaining  with  the  numerical  value  of 
the  unit  at  each  time  step.  The  x-axi?  of  the  line  graph  is 
labelled  with  the  time  step  while  the  y-axis  is  dual 
labelled  with  the  percentage  of  unit  (s)  remaining  and  with 
the  strength  of  the  unit.  The  time  step  intervals  en  the 
x-axis  may  not  ccincide  with  the  time  step  interval  selected 
by  the  user  in  the  combat  model.  The  reason  for  this 
difference  is  due  to  the  limited  space  associated  with  the 
subplot  area  in  relation  to  the  overall  page  size  of  the 
plot.  To  circumvent  this  problem  the  subroutine,  Inital, 
utilizes  a  deterministic  method  to  calculate  a  proportional 
time  step  scale  for  the  x-axis.  In  con  junction  with  deter- 
mining     this   time      step      scale,         the    subroutine      must      also 
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Figure   4.2        Menu   Sequence   in    Support    Program, 
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systematically  select  the  percentage  value  assoicated  with 
the  new  time  step  scale.    This  is  iona  to  approximate  the 

original  line  that  would  have  beea  drawn  had  all  the  data 
been  able  to  be  plotted.  With  the  line  graph  the  user  is 
able  to  visually  acguire  what  the  data  in  the  AMPHI31 
LISTING  is  telling  him  about  the  attrition  effect  on  a  unit 
during  an  amphibious  operation. 

F.  BA?    CHART    FEATURE 

The  bar  chart  feature  within  the  main  program  depicts 
the  final  attrition  status  of  a  group  of  forces  within 
either  combat  phases  of  the  small-unit  amphibious  operation 
combat  model.  A  group  of  forces  relates  to  either  the 
aggresscr  or  defensive  force  in  either  combat  phase.  Upon 
selection  cf  the  group  of  forces,  the  graphics  device 
displays  a  bar  chart  with  the  name  of  the  units  as  labels  on 
the  x-axis  and  the  percentage  cf  force  remaining  as  the 
y-axis  label.  The  purpose  of  the  bar  chart  is  to  give  the 
user  a  graphical  representation  of  the  status  of  forces  upon 
termination  of  ccmbat.  Sc ,  if  the  user  is  not  interested  in 
the  attrition  of  f orce  (s)  per  time  step,  the  user  is 
provided  the  opportunity  to  utilize  the  bar  chart  as  a 
representation   of  the   final    attrition    data    of  a   force. 

G.  GRID    MAP    FEATURE 

The  final  feature  within  the  main  program  is  the  grid 
map  feature.  The  grid  map  is  a  coordinate  scale  ma?  which 
covers  a  ten  kilometer  sguare  area  of  the  Fulda  Gap  area  in 
West  Germany.  Figure  4.3  presents  the  area  of  the  Fulda  Gap 
that  is  modeled  by  the  small-unit  amphibious  operation 
combat  model.  The  grid  map  feature  was  developed  to  present 
a  graphical  representation  of  the  locations  of  the  units, 
primary      and   alternate      firing      positions      of   the      defensive 
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Figure   4.3        Fulda    Gap   Area   of   West   Germany. 

forces,       and   avenues    of   approach      of    the    aggressor    forces    in 
the    land    combat      phase  of  the   model.         The      only    drawback   of 


the    grid    map   at    the    present    is      tha 


t    it    d 


oes   not    display   the 


contour  lin<=s  of  the  Fulda  Gap  area  which  is  beyond  the 
scope  of  this  thesis,  bur  with  som=5  research  and  time  the 
displaying   of   the      contour    lines    could    be      incorporated   into 
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the  grid  map  feature.  The  grid  map  has  two  sets  of  coordi- 
nates or.  it.  The  first  set  is  the  set  utilized  within  the 
combat  model  to  determine  the  location  of  forces,  iine-of- 
sight  between  forces,  and  location  and  height  of  hills 
within  the  Fulda  Gap  area.  The  second  set  of  coordinates  is 
the  Universal  Transverse  rtercater  (DTK)  coordinates.  The 
UTM  coordinates  provide  the  user  with  a  vehicle  to  transfer 
the  grid  map  data  to  an  actual  map  of  the  Fulda  Gap  area  to 
analyze  the  correctness  of  the  combat  model.  The  grid  map 
utilizes  a  seal?  factor  which  displays  only  the  area  of 
combat  used  within  the  model  facilitating  a  better  represen- 
tation of  the  grid  map.  It  uses  three  symbols  to  display 
the  information  upon  the  map.  A  tank  symbol  is  used  to 
represent      the    unit's      location    during      land   combat.  This 

symbol  is  drawn  for  the  initial  location  of  each  unit  and 
again  when  a  urit  hcis  tranversed  mere  than  two-hundred 
meters  from  its  initial  position.  When  the  units  has  moved 
more  than  two-hurdred  meters,  the  new  location  becomes  the 
initial  position  for  further  comparisons.  The  symbol  for 
the  primary  firing  positions  of  the  defensive  forces  is  a 
solid  line  in  the  shape  of  a  crescent.  The  last  symbol 
represents  the  alternate  firing  positions  of  the  defensive 
forces  and  is  a  dashed  line  in  the  shape  of  a  crescent. 
Thus,  a  defensive  force  at  its  initial  location  will  have  a 
tank  and  a  solid  line  crescent,  whereas  the  aggressor  force 
will  have  a  tank  only.  Each  force  location  is  identified 
with  a  numerical  value  representing  the  force  (i.e.  1,  2,  or 
3  for  the  aggressor  forces  and  4,  5,  or  6  for  the  defensive 
forces)  .  The  grid  map  presents  a  still  picture  view  of  the 
land  combat  phase  as  it  transitions  through  the  combat 
model. 
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V.    EXECOTIV.I    PROGRAM 

With  the  development  of  an  interactive  graphical  support 
for  a  small-unit  amphibious  operation  combat  model,  a  method 
was  needed  to  interface  the  two  programs.  Due  to  the  exten- 
sive length  of  the  two  programs,  the  author  felt  that  it 
would  be  beneficial  to  maintain  two  separate  programs  and  to 
interface  them  ?ia  an  executive  program.  The  executive 
program    was   developed      with    simplicity    in    mind.  By   typing 

one  word  the  user  is  able  to  engage  the  executive  program 
and  seguentially  progress  through  the  model  and  support 
program.  Detailed      information  concerning     the      executive 

program      is      presented  in      Appendices      A      and  C.  A      brief 

synopsis    of   the    executive   program   follows: 

1.  Compile    the    small-unit    amphibious   oper- 
ation   combat   model    and   the    interactive 
support    programs. 

2.  Erase   the   listings    of   the    two    programs. 

3.  Establish   the    file    definitions   reguired 
for   the   two   programs. 

4.  Loa  ("  and  execute   the   model. 

5.  Access    DISSPLA    EXEC    which    loads    and    ex- 
ecu  +es    the    interactive   graphical   support. 

6.  Print    the  battle   summary    contained    in 
AMPEIB1    LISTING    file. 

7.  3rowse    the    AMPHIB1    LISTING    file. 

8.  Exit   when  the    user    is   finished. 
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71.    FUTURE    ENHANCEMENTS 

The  interactive  graphical  support  for  a  small-ur.it 
amphibious  operation  combat  model  provides  a  capability  to 
the  user  to  visually  assimilate  (i.=.  to  better  comprehend 
and  understand)  *he  model's  output- data  via  graphical  repre- 
sentation of  that  data.  The  support  program  provides  three 
types  of  graphical  representations  in  this  repect.  Although 
these  graphical  representations  are  not  an  end  in  -hem- 
selves,  they  are  a  valuable  adjunct  to  the  usual  approach  of 
giving  the  user  r.onresponsi ve,  rigidly  fcmatted  output  data 
even  if  this  be  via  computer  graphics.  There  still  remain 
things   to   be    dons. 

A.       INTERACTIVE    UPGRADE    0?    THE    MODEL 

As  discussed  previously  in  this  thesis,  the  small-unit 
amphibious  operation  combat  model  was  upgraded  by  changing 
two  of  the  automatic  input  data  items  to  interactively  being 
inputted  by  the  user.  However,  the  use  of  interactive  input 
within  the  model  should  not  stop  at  this  juncture.  There 
exists  within  the  SEA1  DATA  and  LAND  DATA  files  other  input 
data  variables  that  are  capable  of  being  inputted  interac- 
tively. By  inputting  data  in  this  manner,  the  user  does  not 
have  to  exit  the  model  and  then  edit  the  data  set  to  change 
an  input  data  variable.  The  designer  would  have  to  restruc- 
ture the  model  by  designing  various  menus  to  facilitate  the 
exchange  of  input  between  the  user  and  the  program.  The 
designer  would  also  have  ^o  consider  the  principle  of  self- 
helping  by  providing  checks  of  the  user's  input  to  ensure 
that  the  input  conforms  to  the  input  data  requested.  By 
developing  this  enhancement  the  user  would  access  a  model 
which    would   be   extremely    flexible,    simple    and    friendly. 
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B.  COLOE    GRAPHICS 

Presently  the  interactive  graphical  support  utilizes  a 
Tektror.ic  hard  ccpier  or  a  Versatec  plotter  and  the  screen 
cf  the  Tektronic  6  18  to  provide  to  the  user  the  graphical 
representation  of  the  model's  data.  The  graphical  represen- 
tation of  the  model's  data  could  be  snchanced  by  employing  a 
color  graphics  device  as  the  output  device  for  the  support 
program.  The  us«=  of  color  graphics  provides  the  ability  for 
the  user  to  emphasize  a  particular  detail  of  the  data,  and 
regarding  the  grid  map  on  opportunity  to  provide  a  realistic 
representation  of  the  terrain  in  the  Fulda  Gap  area  of  West 
Germany.  By  using  color  graphics  the  support  program  is 
able  to  present  a  more  appealing  and  comprehensive  represen- 
tation  cf    the   data. 

C.  CONTOUR    MAP 

The  map  of  the  combat  area  is  only  a  grid  map  and  does 
not  present  the  terrain  relief  within  the  Fulda  (Jap  area. 
This  does  net  give  the  user  a  realistic  or  comprehensive 
picture  of  the  avenues  of  approach  of  the  aggressor  forces 
in  the  land  com  tat  phase.  By  incorporating  the  contour 
lines  of  this  area,  the  user  is  able  to  relate  the  avenues 
cf  approach  to  the  type  of  terrain  that  the  units  are  moving 
over.  Thus,  the  grid  map  takes  on  a  new  dimension  for  the 
user.  Also,  the  user  is  able  to  utilize  the  contours  to 
help  determine  whether  or  not  the  model  provides  realistic 
data.  Additionally,  if  the  user  wishes  to  input  the  attack 
routes,  he  will  get  a  better  feel  for  these  routes  and  be 
better  able  to  provide  realistic  attack  routes.  The  adding 
of  this  enhance nent  to  the  interactive  graphical  support 
would  definitely  add  a  new  dimension  to  the  grid  map.  The 
data  associated  with  the  contour  lines  of  the  Fulda  Gap  area 
can  be  obtained  from  TRADOC  Research  Flement  Monterey  (TEEM) 
which  is  located  aboard  the  Naval  Postgraduate  School. 
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VII,     PINJ.L    REMARKS 

The  goal  of  this  thesis  was  to  take  a  first  step  towards 
developing  an  interactive  graphical  support  for  a  small-unit 
amphibious  operation  combat  model.  Having  accomplished  this 
goal  within  this  thesis,  this  interactive  graphical  support 
has  laid  the  four.dation  from  which  a  variety  of  op-ions  can 
be  built.  This  model  with  its  support  program  provides  a 
new  dimension  tc  combat  modeling  for  the  user  (no+  neces- 
sarily an  advanced  mcdel€>r)  to  examine,  analyze, 
restructure,  and  learn  from.  Thus,  within  a  combat  modeling 
course,  a  com  nan d,  control  and  communications  related 
course,  or  a  coirputer  graphics  course,  this  model  with  its 
support  program  can  be  employed  as  a  training  aid  to  illus- 
trate a  basic  combat  model  with  interactive  graphical 
support.  The  use  of  the  product  of  this  thesis  provides  a 
smarting  point  for  branching  into  other  areas  of  combat 
modeling    utilizing   interactive  computer    graphics. 
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I.       INTRODUCTION 

The  purpose  cf  this  nar.ua!  is  t2  provide  to  the  user  a 
summary  of  the  interactive  graphical  support  program  3.nc  the 
information  describing  how  a  user  would  access  and  execute 
both  the  above  program  and  the  small-unit  amphibious  opera- 
tion combat  model.  This  manual  does  not  discuss  in  detail 
the  small-unit  anphibious  operation  combat  modal,  but  does 
discuss  those  areas  which  clairify  the  support  program's 
discussion.  Fo r  a  detailed  explanation  of  the  combat  model 
refer   to      Crites  '    thesis      identified    in      Reference    1.  The 

interactive  graphical  support  is  a  FORTRAN  program  which 
consists  of  a  main  program  and  seven  subprograms.  The  main 
program's  functions  are  to  input  the  data  generated  from  the 
running  cf  the  small-unit  amphibious  operation  combat  model, 
to  initialize  the  data  for  further  use  within  the  main 
program,  and  to  guide  the  user  toward  the  graphical  display 
cf  the  data.  The  main  program  consists  of  five  fsatuies 
which  perform  the  functions  listed  above.  The  first  feature 
is  the  data  handling  feature  which  is  responsible  for  input- 
ting the  aenerated  data  of  the  combat  model  into  appropriate 
data  structures  and  variables,  for  storing  and  in  realizing 
the  attrition  da--a  base,  and  for  scaling  the  attrition  dcita 
if  reguired.  The  second  feature  is  the  interactive  feature 
which  interfaces  with  the  user  regarding  the  selection 
process  associated  with  a  variety  of  menus  within  the  main 
program.  The  third,  fourth  and  fifth  features  comprise  the 
portion  of  the  main  program  which  contains  the  DISSPLA 
subroutines  for  displaying  the  line  graphs,  bar  charts,  and 
a  grid  map,  respectively.  The  latter  three  features  depend 
upon  the  interactive  feature  which  provides  the  menu  selec- 
tions of  the  user  determining  which  feature  is  displayed 
upon    a   graphics    device. 
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II"       INTERACTIVE  OPTIONS  DF  THE  MODEL 

The  small-unit  amphibious  opertLon  combat  model  poss- 
esses certain  options  which  were  developed  prior  to  this 
thesis.  These  options  were  developed  by  Jim  Crites  in  his 
thesis  and  dealt  with  stochastic  versus  deterministic  attri- 
tion, variant  attack  routes  and  alternate  defensive 
positions.  These  options  ire  seiectsS  by  manually  replacing 
the  default  data  with  the  desired  data  within  the  SZA1  DATA 
and  LAND  DATA  files.  With  the  development  of  the  interac- 
tive graphical  support,  an  upgrade  of  the  option  capability 
of  the  model  was  undertaken  by  incorporating  an  interactive 
capability  for  inputting  two  of  the  many  options  available 
within  the  model. 

A.   BATTLE  SUMMAFY 

The  battle  summary  is  the  portion  of  the  outpu-  report 
which  provides  information  concerning  the  forces  involved 
within  both  combat  phases  of  the  small-unit  amphibious  oper- 
ation combat  model.  This  information  depicts  the  units  in 
combat,  their  coordinate  locations,  the  attrition  percentage 
of  each  unit,  and  the  identification  of  which  units  engaged 
each  ether.  The  information  can  be  displayed  for  each  time 
step  or  at  the  termination  of  battle  for  each  combat  phase. 
The  user  makes  the  determination  of  the  battle  summary  that 
he  wishes  to  receive  by  selecting  the  appropriate  menu 
option  relating  to  the  detail  cf  information  desired.  The 
following  menu  is  displayed  to  the  user. 

BATTLE  SUMMARY  MENU 

1.  BATTLE  SUMMARY  FOE  EACH  TIME  STEP  IN 
BCTR  COMBAT  PHASES 

2.  BATTLE  SUMMARY  FOR  FINAL  TIME  STEP  IN 
BOTE  COMBAT  PHASES 
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Thus,  if  the  user  selects  option  number  one,  the  battle 
summary  for  each  time  step  in  both  combat  phases  is  incorpo- 
rated into  the  report  contained  in  the  AMPHIB1  LISTING  file. 
If  the  user  selects  option  number  two,  the  battle  summary 
for  the  final  tine  step  (i.e.  when  the  battle  terminates)  is 
incorporated  intc  the  report  of  the  above  file.  With  this 
option  the  user  is  able  to  select  the  level  of  detail  over 
which  he  wishes  to  analyze  the  data. 

B.   TIME  STEP 

The  time  step  variable  determine  the  iteration  interval 
that  the  model  is  executed  ever.  The  previous  value  of  the 
time  step  was  set  at  ten  seconds.  This  does  not  provide  the 
flexibility  to  the  user  to  evaluate  the  model  over  varied 
time  steps.  By  transitioning  this  variable  to  an  interac- 
tivly  inputted  cue,  the  user  now  has  the  flexibility  to 
determine   the      time    step      within    the      combat   model.  Since 

there  are  two  conbat  phases  within  the  model,  the  time  step 
selection      process    extends      over   both      combat    phases.  The 

first  display  of  the  information  concerning  the  time  s-'-ep  is 
mere  verbose  thai  the  second  within  the  land  combat  phase. 
The  reason  for  this  is  to  present  additional  information 
pertinent    to      the   selection    of      the    time   step.  Within   the 

ship-to-shore  coirbat  phase,  the  following  information  is 
presented    to   the   user   regarding    the    time   step. 

SELECTION    OF    THE    TIME    STEP    FOR    THE 
SHIP-TO-SHORE    PHASE 

THE    USER    IS     PROVIDED    THE    OPPORTUNITY    TO    SELECT    THE 
TIME    STEP    THJ.T     HE    WISHES    THE    MODEL    TO    UTILIZE    FOR 
DETERMINING     THE     ATTRITION    OF    FORCES.        THIS    INTERVAL 
WILL    ALSO    BE    DISPLAYED     AS    THE    X-AXIS    ON    THE    LINE 
GRAPH    WHICH     IS    PRODUCED    BY    THE    GRAPHICAL    SUPPORT 
PROGRAM. 
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THE    TIME    STEP    IS    IN    SECONDS     AND    ENTERED    IN    THE 
FOLLOWING    MANNER: 

1.  DECIDE    UPON    THE     TIME    STEP. 

2.  ENTEF    THE    TIME    STEP     (E.G.     30    SECONDS    — 
30.)  ,    THEN    PRESS    THE    ENTER    KEY. 


To      continue      the      selection        process,         the      following      is 
displayed    within   the    land    combat    phase: 


SEIECTICN    OF    THE    TIME    STEP    FOR    THE 
LAND    COMBAT    PHASE 

DO    YCD    WISH     TO    KEEP    THE    SAME    TIME    STEP    FOR    THE 
LAND    COMBAT     PHASE    THAT     YOD    USED    FOR    THE    SHIP- 
TO-SHORE    COM  EAT    PHASE? 

PRESS    »  V     FOR    YES 
PRESS    •  N'      FOR    NO 


If   the   user   answers    no  to   the  above    option,    the    program    will 
present    the    following   display   to    the    user: 


PLEASE    ENTER    YOUR    DESIRED    TIME    STEP    FOR    THE    LAND 
COMEAT    PHASE     (E.G.     10    SECONDS,     ENTER     M0.')r 
THEN    PRESS    THE    ENTER    KEY. 


With  this  option  the  user  is  new  able  to  determine  the  rime 
step  during  which  he  wishes  the  model  to  perform  the  itera- 
tions   for    either   combat    phase   of    the    model. 
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Ill-       INTERACTIVE    OPTIONS    OF    THE    GRAPHICAL 

SUPPORT    PROGRAM 

As  discussed  in  the  introduction  to  this  user's  manual, 
the  interactive  graphical  support  program  is  divided  into  a 
main  program  and  seven  subprograms.  Within  the  main  program 
there  are  basically  five  features  which  handle  the  various 
functions   of  the   main    program.  this    section   will   focus   on 

the  interactive  feature  which  is  the  first  feature  that  the 
user  interfaces  with  the  remaining  features  being  discussed 
later    on      in   this    manual.  The    interactive   feature      of    the 

main  program  is  built  along  the  lines  of  a  hierarchical 
structure  containing  six  levels.  The  user  may  only  exit  the 
main  program  at  levels  one  and  two,  whereas  the  remaining 
levels  return  the  user  to  the  succeeding  level.  Level  six 
returns  the  user  to  the  level  five  menu  which  called  the 
graphics   display. 

A.       LEVEL    ONE 

Level  one  presents  the  title  page  for  the  main  program 
and  flews  into  the  program  selection  menu.  This  menu  deter- 
mines whether  the  introduction,  beginning  of  the  selection 
process,  or  exiting  the  program  option  is  processed.  The 
program   selection   menu  is   displayed    in    the    following    manner: 

PROGRAM     SELECTION    MENU 

1.  READ  THE  INTRODUCTION 

2.  EEGIN  THE  GRAPHICS  PROGRAM 

3.  EXIT  THE  PROGRAM 
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B.  LEVEL    TWO 

Level  two  contains  the  introduction  2nd  the  main  menu 
selection.  Th€      introduction      is   displayed      if      the      user 

selects    option      cne    from      the    program      selection    menu.  It 

consists  of  three  pages  of  intr  cduc*:  ar  y  material  regarding 
the  interactive  graphical  Support  program.  To  read  each 
page  of  the  introduction,  the  user  has  to  only  press  the 
enter  key  on  the  IBM  3277  keyboard.  On  the  third  press  of 
the  enter  key  t fce  program  automatically  displays  the  main 
menu  of  the  program.  The  main  menu  is  also  reached  if  the 
user  selected  option  two  from  the  prcgran  selection  menu. 
The  main  menu  provides  the  user  the  option  to  enter  the 
ship-to-shore  ccnbat  phase  graphics,  the  land  comba^  phase 
graphics,    or   exit  the   program  and   is   displayed  as    fellows: 

MAIN    MENU 

1.  SHII-TO-SHORE    COMBAT    PHASE    GRAPHICS 

2.  LANI    CCMEAT    PHASE    GRAPHICS 

3.  EXIT   THE    PROGRAM 

Upon  a  selectior  from  the  main  menu,  the  program  enters 
level  three. 

C.  LEVEL   THREE 

Level  three  consists  of  two  menus.  The  menus  are  the 
shi  p-tc-shore  anc  the  land  combat  menus.  Each  menu  will  be 
discussed    separately. 

1 .      Shio- to- Shore    Menu 

The      shi p-tc-shore      menu      provides      the      user      three 
options    to      select    from.  The    fist      option    deals      with   the 

attrition  analysis  per  time  step  which  directs  the  user  to 
another  menu  to  determine  which  group  of  forces  that  he 
desires    to   analyze.         The   second    option    deals   with    the    final 
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attrition  of  the  forces  in  combat.  This  option  leads  to  the 
final  attrition  data  menu  where  the  user  determines  which 
group  of  forces  to  display.  The  first  and  second  options 
branch  the  user  to  level  four  of  the  main  program.  The 
third  option  returns  the  user  to  the  main  menu.  The  menu 
for  this  section  follows: 

SHIP-TO- SHOHE  MENU 

1.  ANALYSIS    OF    FORCES     BY    TIME    STEP 

2.  ANALYSIS    OF    FORCES     BY    FINAL 
ATT  FIT  I  ON    DATA 

3.  RETURN    TO    MAIN    MENU 

The  option  selected  by  the  user  is  placed  into  the  first 
element  cf  the  ISTSA  array  which  contains  the  menu  selec- 
tions for  the  ship-to-shore  combat  phase.  This  array  is  a 
one  dimensional  array  with  four  elements  which  are  tested 
later  or.  to  determine  which  graphics  display  is  presented  to 
the  user.  In  subsequent  levels  the  remaining  elements  of 
this  array  are  initialized  depending  upon  the  branch  that 
the   user    selects. 

2 .      Land   Com  cat    Menu 

The  lane  co nbat  menu  has  four  options  to  select 
from.  The  first  and  second  options  pertain  to  the  saae 
subject  matter  as  stated  in  +  he  previous  section  except  that 
they  relate  to  the  land  combat  phase.  The  third  option 
deals  wtih  the  grid  map.  When  the  user  selects  this  option, 
the  main  program  branches  to  the  grid  map  feature,  process 
the  DISSPLA  software,  and  displays  the  grid  map  upen  a 
graphics  device.  The  grid  map  is  discussed  in  detail  in  a 
later  section  of  this  appendix.  The  final  option  returns 
the  user  to  the  nain  menu.  The  land  combat  menu  follows  en 
the    next    Daae. 
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LAND    COB  BAT    MENU 

1.  ANAIYSIS    OF    FORCES    BY    TIME    STEP 

2.  ANAIYSIS    OF    FORCES     BY    FINAL 
ATTRITION    DATA 

3.  GRIC    MAP    WITH     ALTERNATE    POSITIONS/ 
LOCATION    OF    UNITS 

U.        RETURN    TO    MAIN     MENU 


Here  the  option  selected  by  the  user  is  placed  into  the 
first    element   of  the    ILCA      array    consisting   of   four    elements 

t 

which  are  checked  later  on  for  rhe  appropriate  branchina 
instruction.  The  remaining  elements  of  this  array  are 
filled  in  later  levels  within  this  program.  This  array 
contains  the  menu  selections  for  the  land  combat  phase. 

D.   LEVEL  FOOB 

Level  four  consists  of  two  different  Types  of  menus. 
One  type  deals  with  the  time  step  and  the  other  type  deals 
with  the  final  attrition  data.  Each  type  will  be  discussed 
separately    so   as   not    to   confuse   the    reader. 

1  •      llHiH   St  ej:   Menu 

The  time  step  menu  is  reached  by  the  selection  of 
option  one  from  the  ship-t  c-shore  menu  or  the  land  combat 
menu.  This  menu  provides  the  user  the  opportunity  to  deter- 
mine which  group  of  forces  that  he  wishes  to  select  for 
analysis.  The  group  of  forces  are  the  aggressor  or  defen- 
sive force.  With  the  selection  of  one  of  These  two  forces, 
the  program  branches  to  level  five  of  The  main  program  and 
the  appropriate  menu  displaying  the  forces  avaiable  for 
analysis.  The  numerical  value  of  the  option  selected  is 
placed  into  the  second  element  of  the  ISTSA  or  ILCA  array 
depending  upon  t >e  previous  menu  displayed.  The  rime  step 
menu    follows   on    the    next    page. 
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TIHE    STEP    MEND 

1.  ANAIYSIS    OF    AGGRESSOR    FORCES 

2.  ANAIYSIS    OF    DEFENSIVE    FORCES 

3.  RETURN    TO    SHIP-TO-SHORE    OR 
LANE    COMBAT    MENU 


2 .      Final    Attrition    Dat a    Menu 

The  final  attrition  data  menu  is  the  first  menu  that  upon 
selection  of  an  option  cui minates ' with  a  graphical  display 
upon  a  graphics  device.  This  menu  provides  the  user  the 
opportunity  to  select  between  the  aggressor  or  defensive 
forces  in  combat  which  displays  the  selected  force  upon  a 
graphics  device.  The  same  menu  is  displayed  to  both  of  the 
combat  phases  if  the  user  selected  option  two  from  the 
ship-to-shore  or  the  land  combat  menu.  The  numerical  value 
of  the  option  selected  is  placed  within  the  fourth  element 
of  the  ISTSA  or  ILCA  array.  Depending  upon  the  optic?, 
selected,  the  prcgram  branches  to  the  appropriate  portion  of 
the  bar  chart  feature  and  displays  the  bar  chart  of  the 
forces  selected.  This  is  the  final  attrition  data  menu  that 
is    displayed    for   both   combat   phases. 

FINAL    ATTRITION    DATA    MEND 

1.  AGGRESSOR    FORCES 

2.  DEFENSIVE    FORCES 

3.  RSTDRN    TO    SHIP-TO- 
SH0R2    OR    LAND    COMBAT 

MEND 

E.       LEVEL    FIVE 

Level  five  consists  of  two  distinct  menus  for  both  the 
ship-to-shcre  and  land  combat  phases.  The  first  menu  deals 
with  the  aggressor  forces  of  both  combat  phase.  Each  combat 
phase  has  a  separate  menu  due  to  different  units  employed  in 
each  combat  phase  and  if  both  combat  phases  were  combined, 
the    number      of    options  in   this      display    could   be    as      many    as 
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twelve  which  is  excessive  for  a  display.  The  numerical 
value  of  the  option  selected  from  these  merus  is  placed  into 
the  third  elemen4-  of  the  two  arrays:  ISTSA  and  ILCA.  Here 
is  the  aqaresso  i  force  nienu  for  the  ship-to- shore  combat 
phase . 


AGGRESSOR    FORCES 
SHIP-TO- SHORE    COMBAT    PHASE 

1.  WAVE   ONE 

2.  WAVE   TWO 

3.  WAVE   THREE 

4.  WAVE    FOUR 

5.  WAVE    FIVE 

6.  ALL    AGGRESSORS 

7.  RETURN    TO    TIME 
STEP    MENU 


Option  number  seven  provides  the  capability  to  display  all 
+  he  aggressor  forces  on  one  line  graph.  Here  is  the 
aggressor    force    n-enu    for    the   land   combat   phase. 


AGGRESSOR    FORCES 
LAND    COMBAT    PHASE 

1.  UNIT    ONE 

2.  UNIT    TWO 

3.  UNIT    THREE 

U.       ALL    AGGRESSORS 
5.       RETURN    TO    TIME 
STEP    MENU 


With  the  selection  of  option  four,  the  attrition  per  time 
step  for  all  aggressor  forces  is  displayed  on  one  line 
graph. 

The  second  menu  deals  with  the  defensive  forces  of  both 
combat  phases.  The  contents  for  each  combat  phase  is  diffe- 
rent because  of  the  difference  between  the  units  involved  in 
the  two  combat  phases.  The  numerical  value  of  the  option 
selected  is  also  placed  into  the  vhird  element  of  the  ISTSA 
and  ILCA  arrays.  This  element  can  be  used  for  this  selec- 
tion, as  well  as  the  previous  selection,  because  the  user 
can    only    select    one      of   the    four    menus    in    level      five    due    to 
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the  manner  in  which  the  structure  of  the  program  was  estab- 
lished. The  defensive  force  menu  for  the  ship-to-shore 
combat  phase  is  displaced  in  the  following  manner  -o  the 
user. 


DEFENSIVE    FORCES 
SHIP-TO-SHORE   COMBAT    PHASE 

1.  TANK 

2.  AT3M 

3.  ALL    DEFENDERS 

4.  RETURN    TO    TIME 
ST  SP    MENU 


The      defensive       force   menu       for      the      land   combat      phase      is 
displayed    in    the    following    manner   to    the   user. 


DEFENSIVE    FORCES 
LAND    C0M3AT    PHASE 

1.  3NIT    FOUR 

2.  UNIT    FIVE 

3.  UNIT   SIX 

4.  ALL    DEFENDERS 

5.  RETURN    TO    TIME 
STEP    MENU 


The  selection  of  options  three  and  four  in  the  above  two 
menus  causes  the  line  graph  to  display  all  of  the  defenders 
of  that  menu.  Once  the  selection  is  made  from  any  of  the 
four  menus  on  this  level,  the  program  will  branch  to  the 
appropriate  section  of  the  line  graph  feature  and  display 
the  force  or  forces  selected. 
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II-       DISSPLA    SOFTWARE 

DISSPLA  stands  for  Display  Integrated  Software  System 
and  Plotting  Language  which  is  a  proprietary  software 
product  of  Integrated  Software  System  Corporation  (ISSCO) . 
DISSPLA  is  written  in  FORTRAN  and  is  a  library  cf  subrout- 
ines that  facilitate  data  plotting.  The  software  is  device 
independent  in  that  a  user  can  debug  his  plots  on  a  CRT 
terminal  and  submit  the  finished  program  to  a  flatbed  or 
drum      plotter.  It      is   computer      independent      because      its 

subroutines  are  written  in  a  subset  of  ANSI  FORTRAN  which  is 
common  to  most  medium-  and  large-scale  computers.  DISSPLA 
provides  many  levels  of  sophistication  to  the  user.  The 
user  car.  develop  a  guick,  simple  plot  or  advance  to  mere 
complex  and  detailed  plots  with  just  a  few  'simple  calls. 
DISSPLA  possesses  a  helpful  design  ia  that  it  provides  error 
messages  which  are  self-explanatory  sentences  in  English. 
It  also  assists  the  user  by  printing  out-of-bounds  values 
and  diagnostic  plot  summaries.  To  utilize  DISSPLA  effec- 
tively all  that  is  needed  by  the  user  is  a  basic  knowledge 
of   FORTRAN    and   access  to   the   user's    manual    or   pocket    guide. 

The  DISSPLA  software  used  within  the  interactive  graph- 
ical support  prcgram  consists  of  a  number  of  subroutines 
which  produces  three  features:  line  graph,  bar  chart,  and 
grid  map.  Each  feature  is  comprised  of  different  subrout- 
ines to  fulfill  its  function.  Prior  to  the  main  program  of 
the  interactive  graphical  support  calling  one  of  the  three 
features  for  displaying  their  respective  product,  a  group  of 
DISSPLA  subroutines  is  called  to  select  the  buffer  size  for 
DISSPLA,  to  establish  the  graphic  devices  for  output,  to 
select  plot  scal<=  factor  and  to  set  curve  thickness.  The 
following  subroutines  are  the  ones  called  to  perform  the 
above  functions  and  will  be  listed  without  their  parameters 
if   applicable. 
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SUBROUTINE  INSCRIPTION 

CALL    LRGBDF  SELECT    LARGE    BUFFER 

CALL    TEK618  SELECT    GRAPHIC    DEVICE 

CALL    ELCWUP  SELECT    PLOT    SCALE    FACTOR 

CALL    THKCRV  EMPHASIS     A    LINE    BY 

THICKENING 

Once  the  main  program  has  executed  the  above  subroutines, 
one  of  the  three  features  is  processed  depending  upon  the 
menu  selections  cf  the  user.  The  remaining  discussion  about 
DISSPLA  focuses  en  x.he  FORTRAN  subroutines  utilized  by  the 
three    features. 

A-       LINE    GRAPH    FEATURE 

The  line  graph  feature  of  the  main  program  consists  of 
FORTRAN  subroutines  which  when  processed  displays  a  line 
graph  dealing  with  attrition  of  forces  within  the  combat 
model.  This  feature  primary  consists  of  two  functions.  Tha 
first  function  being  the  initialization  of  the  plot  and  the 
second  is  the  branching  function.  Within  the  initialization 
of  the  plot,  a  variety  of  subroutines  are  called  to  setup 
the  line  graph  prior  to  branching.  These  subroutines  estab- 
lish the  rotation  of  the  plot,  page  size,  physical  origin, 
plot  area  size,  end  axis  labels.  The  following  subroutines 
are  associated  with  the  line  graph  feature  and  are  listed 
without    their    parameters   if    applicable. 

SUBROUTINE  DESCRIPTION 

CALL    HflFOT  SELECTS    PLOT    ROTATION; 

COMIC    OR    MOVIE    MODE 

CALL  PAGE  SETTING    PAGE    SIZE    BORDER 

CALL  PHYSOR  DEFINE    PHYSICAL    ORIGIN 

CALL  ARFA2D  SPECIFY    SIZE    OF    SUBPLOT    AREA 

CALL  XNAME  LABEL    X-AXIS 
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SUBROUTINE  DESCRIPTION 

CALL    YNAME  LABEL    Y-AXIS 

CALL    XINTAX  SPECIFY    INTEGER    LABELS    ON 

X-AXIS 

CALL    YIKTAX  SPECIFY    INTEGER    LABELS    ON 

Y-AXIS 

CALL    XTICKS  DRAW    ADDITIONAL    TICK    MARKS 

ON    X-AXIS 

CALL    YAXANG  SET    ANGLE    OF    Y-AXIS 


When  the  main  program  has  advanced  through  the  above 
subrcutir.es,  the  program  then  branches  to  the  correct  line 
graph      selected      by      the   user.  There      are      four      possible 

branches.  They      are      aggressor        or      defensive      unit      for 

ship-to-shore  coirbat  phase,  or  aggressor  or  defensive  unit 
for  land  combat  chase.  Each  branch  basically  utilizes  the 
same  DI3SPLA  subroutines,  but  with  different  parameters  for 
each  branch.  Once  inside  a  branch,  the  main  program  selects 
the  appropriate  unit  or  units  to  display  for  the  user.  The 
following  are  the  DISSPLA  subroutines  within  these  four 
branches. 

SUBROUTINE  DESCRIPTION 

CALL    GRAF  PRIMARY    GRAPH    SETUP 

CALL    HEADIN  DEFINE    GRAPH    HEADING 

CALL    DASH  ACTIVATES    DASHED    LINE 

CONNECTION 

CALL    MAFKSR  SELECT    SPECIFIC    CURVE 

MARKER    SYMBOL 

CALL    CUFVE  DRAWS    A    CURVE    THROUGH    A 

SET    OF    DATA    COORDINATES 

CALL    YGFAXS  SECONDARY     Y-AXIS    »ITH    UNITS 

CALL    RESET  RESET    A    PARAMETER/SETTING 

OPTION    TO    ITS    DEFAULT    VALUE 

CALL    ENCPL  TERMINATES    PLOTTING    ON 

CURRENT    PAGE 

CALL    LSGLIN  CAUSES    CURVE    TO    STORE    THE 

TYPE    OF    LINE    DRAWN 

CALL    DOT  ACTIVATES     DOTTED    LINE 

CONNECTION 
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SUBROUTINE  DESCRIPTION 

CALL    CHNDOT  ACTIVATES    CHAIN    DOTTED 

LINE    CONNECTION 

CALL    CHNDSH  ACTIVATES    CHAIN    DASHED 

LINE    CONNECTION 

MAXLIN=IINEST  INITIALIZE    AN    AERAY    TO 

RECEIVE    PACKED    LINES 

CALL    LINES  PACK    A    LINE    OF    TEXT 

CALL    LEGEND  WRITES    OUT    THE    LEGEND 


B.       BAR    CHART    EREATURE 

The  bar  chart  feature  consists  of  two  functional  areas. 
The  first  area  initializes  the  bar  chart  while  the  second 
area    branches      zc   the   user      selected    bar   chart.  The    first 

area  performs  the  same  functcns  ad  discussed  in  the  previous 
section  under  +he  line  graph  relating  to  the  initialization 
function.  This  feature  does  employ  some  DISSPLA  subroutines 
which  are  different  then  the  ones  in  the  line  graph.  The 
subroutines   are    shown   below. 

SUBROUTINE  DESCRIPTION 

CALL    XAXEND  SUPPRESSES    LABELS    ON 

X-AXIS 

CALL    3AFWID  INDICATES    BAR    WIDTH 

The  second  functional  area  is  branching.  Here  the  program 
only  branches  tc  the  ship-to-shore  or  land  combat  phase 
branch.  The  following  DISSPLA  subroutines  are  utilized  in 
the    two    branches. 

SUBROUTINE  DESCRIPTION 

CALL    XLABGR  X-AXIS    USER    LABELLED 

CALL    BLEAR  AUTOMATICALLY    BLANKS    BAR 

CHART 

CALL    BARDOC  CAUSES    DATA    TO    BE    WRITTEN 

IN    OR    AROUND    BARS 
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SUBROUTINE 
CALL    VBARS 


CALL    GRID 


INSCRIPTION 

PRESENTS     DATA    IN    VERTICAL 
BAR    CHART    FORM 

DRAWS    APPROPRIATE    GRID    FOR 
THE    CURRENT    GRID    SYSTEM 


There  are  additional  DISSPLA  subroutines  utilized  in  this 
functional  area,  but  thsy  have  been  covered  in  the  line 
graoh    feature   and  are   not   presented   again. 


C.       GRID    MAP    FEATURE 

The  grid  map  feature  does  not  consist  of  any  braching 
requirement,  ttus  the  main  program  when  it  enters  this 
feature  sequentially  executes  each  line  of  FORTRAN  cede. 
There  are  a  numrer  of  DISSPLA  subroutines  utilized  in  this 
feature  which  have  been  discussed  in  the  line  graph  and  bar 
chart  features'  section.  Therefore,  these  DISSPLA  subrout- 
ines are  only  listed  for  the  user  who  can  refer  back  to  the 
two    previous    sections      for    a   description    of      them    if    needed. 


<?». 


ey    are : 


CALL  HWHOT 

CALL  AREA2D 

CALL  YNAME 

CALL  GRJF 

CALL  LEGLIN 

CALL  LEGND 

CALL  RESET 


DISSPLA    SUBROUTINES 

CALL  XINTAX 
CALL  YAXANG 
CALL  XTICKS 
CALL  MARKER 
MAXLIN=LINEST 
CALL  YGRAXS 
CALL    SNDPL 


CALL  YINTAX 
CALL  XNAME 
CALL  HEADIN 
CALL  CURVE 
CALL  LINES 
CALL  GRID 


The  following  is  a  list  of  the  new  DISSPLA  subroutines  which 
are  utilized  within  the  grid  map  feature. 


51 


£L£S      DISS  PL  A    SUBROUTINES 

SUBROUTINE  DESCRIPTION 

CALL    YTICKS  TICK    MARKS    ON    Y-AXIS 

CALL    HEIGHT  SET    REFERENCE    CHARACTER 

HEIGHT    IN    INCHES 

CAIL    RLINT  PLOT    AN    INTEGER    NUMBER 

CALL    3LFEC  CREAT    A    NON-TILTED 

RECTANGULAR    BLANKED- 
OUT    AREA 

CALL    MESSAG  WRITE    A    SINGLE    STRING 

OF    TEXT 

CALL    SCIPIC  SCALES    CURVE    MARKER 

SYMBOLS    UP    OR    DOWN 

CALL    XGFAXS  SECONDARY    X-AXIS    WITH 

UNITS/DIVISION 
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I-        ACCESSING    AND    EXECUTING    THE    tlODEL 
AND    GRAPHICAL    SUPPORT    PORGRAM 

The  user  who  wishes  to  access  and  execute  the  small-unit 
amphibious  operation  combat  model  and  the  interactive  graph- 
ical support  programs  must,  first  contact  Professor  James  G. 
Taylor  cf  the  Operations  Research  Department.  The  user  will 
obtain  from  Professor  Taylor  the' user  identification  (ID) 
number  and  password  for  the  disk  spice  containing  the  above 
mentioned    prograns. 

A.       ACCESSING    THI    MODEL    AND    SUPPORT    PROGRAM 

The    following      sequence    is      followed    by      the    user      after 
obtaining   the   user    ID    number   and    password: 


1.  Log   on    tc   your    own    disk    space. 

2.  Enter    into   the    CMS    mode   or    operation. 

3.  Ensure    that   storage    is    1M;    ir    net, 
type   DEF   STOR    1M. 

4.  Execute    the    following   commands: 

LINK    TO     (USER    ID    )     191     AS    192    RR 
FAS  SWORD 
ACCESS    192     B/A 

COPYFILE    WAR1    FORTRAN     B    =    =    A 
COPYFILE    GRAFIT    FORTRAN    3    =    =    A 
COPYFILE    SSA1    DATA    3    =    =    A 
COPYFILE    LAND    FORTRAN     3    =    =    A 
COPYFILE    BSEA1     FORTRAN     3    =    =    A 
COPYFILE    BLAND    FORTRAN     B    =    =    A 
COPYFILE    WAR1    EXEC    B    =    =    A 
RELEASE    192     (DET 

NOTE:      USER   ID   refers    to    the   one   the   user 
is    proviled   by   Professor   Taylor 


A  copy  of      the   following   files   is   what    the      user   receives    on 
his    disk    space: 


HL2S 

1.  WAR  1        -   Small-Unit   Amphibious   Opration 

Combat    Model    program. 

2.  GRAFIT    -   Interactive   Graphical    Support 

program. 

3.  SEA1        -   Data    set    for   the    ship-to-shore 

combat    Dhase    (Appendix    3). 
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u. 

LANE 

5. 

BS2S1 

6. 

BL  A  KD 

7. 

WAR1 

files 

-  Data  set  for  the  land  combat 
phase  {Appendix  3) 

-  Blank  aata  set  fcr  the  ship- 
-.o  -shore  com  bar  phase 

(A  poe  ndix    3)  . 

-  Blank:    data   set    for    the    land 
combat   phase    (Appendix    3). 

-  Executive    program    (Appendix   C)  . 


Due  to  the  coded  length  o*f  the  computer  programs  of  the 
small-unit  amphibious  operation  comb~t  model  and  interactive 
graphical  support,  these  two  computer  programs  were  not 
reproduced  for  inclusion  within  this  thesis.  A  user  may 
obtain  a  printed  copy  of  these  programs  once  he  has  the 
programs   residing   on    his   disk   space. 

B.       EXECUTING    THI    MODEL    AND    SUPPORT    PROGRAMS 

There  are  basically  three  ways  to  execute  the  model  in 
conjunction  with  the  support  program.  First,  the  user  can 
type  the  executive  program  name,  WAR1,  utilizing  the  data 
set  provided  by  SEA1  DATA  and  LAND  DATA  files.  Seccnd,  if 
the  user  wishes  to  invoke  one  of  the  options  avaiable  within 
the  data  set  or  alter  a  specific  element  of  them,  the  user 
needs  to  XEDIT  the  SEA1  and  LAND  data  files  replacing  the 
eld  with  the  new  input  data  value.  Third,  if  he  wishes  to 
replace  the  entire  data  set,  he  would  then  utilize  the  SSEA1 
and  BLAND  data  files  to  construct  the  new  data  set.  Before 
the  user  can  use  the  new  data  set  from  the  second  or  third 
way  above,  he  must  first  X  EDIT  the  WAR1  SXEC  file  replacing 
SEA1  and  LAND  with  BSEA1  and  3LAND  within  the  file  lefini- 
tion  part  of  th<=  executive  program.  After  completing  the 
XEDIT  function,  the  user  types  WAR1  to  begin  the  execution 
process. 
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C.   CHECKLIST 

When  executiig  the  interactive  graphical  support 
program,  there  is  a  requirement  for  employing  up  to  three 
different  tyoes  cf  computer  hardware.  The  checklist  listed 
on  the  following  page  provides  the  information  for  utilizing 
an  IBM  3277  terminal  and  keyboard,  Tektronix  6  18,  and 
Tektronix  4631. 
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3. 


CHECKLIST 

1.  TURK    ON    THE    IBM    TERMINAL    3277    BY    PULLING 
OUT    THE    "ON-PUSH"    SWITCH     LOCATED    ON    THZ 
LOW  IR    LEFT    HAND    SIDE    OF    THE    SCREEN. 

2.  TURN   ON    THE    TEKTRONIX    618     BY    PRESSING    THE 
"OFF    ON"    SWITCH    TO    THE    ON    POSITION. 

ON     1HE    TEKTRONIX    618    ENSURE    THAT    THE 
FOLLOWING    SWITCHES    ARE    SET    ACCORDINGLY: 

A.        WRITE    THRU    INTENSITY    SWITCH    SHOULD 
BE    SET    AT     ONE    O'CLOCK. 

3.        HARD    COPY     INTENSITY    SWITCH    SHOULD 

3E    SET    BETWEEN    ONE    TO    THREE    O'CLOCK. 

4.  TURN   ON    THE    TEKTRONIX    4531     -    HARD    COPY 
PRINTER    -    BY    PRESSING    THE    POWER    SWITCH 
TO     THE    ON    POSITION    AND    SETTING    THE 
"LIGHT    DARK"    SWITCH    TO    THREE    O'CLOCK. 

5.  THE    TEKTRONIX    4631     TAKES     APPROXIMATELY 
FIVE    MINUTES    TO    WARM    UP    BEFORE    A    HARD 
COPY   CAN    BE    MADE. 

6.  LOG    ON    TO    THE    3277: 

A.  PRESS    THE     "CLEAR"    KEY    THAT    IS    LOCATED 
ON    THE    UPPER    LEFT    HAND    CORNER    OF    THE 
KEYBOARD;     THIS     WILL    ERASE    THE    NPS    LOGO, 

B.  ENTER   YOUR    LOG    IN    NUMBER    AMD    PASSWORD. 

C.  TO    CLEAR    THE    SCREEN    WHEN    "MORE " 

IS    DISPLAYED    PRESS    THE    "CLEAR"    KEY. 

7.  RUN    THE    PROGRAM: 

A.  EXECUTIVE    PROGRAM'S    FUNCTIONS: 

(1)  COMPILE    "WAR1"    AND    "GRAFIT" 
FORTRAN    PROGRAMS. 

(2)  FILE     DEFINITIONS    OF    THE    FILES 
FOR    THE    TWO    PROGRAMS. 

(3)  LOAD    AND    START    "WAR1"    FORTRAN 
PROGRAM. 

(4)  ACCESS    DISSPLA    EXEC    TO    LOAD 
AND    START    "GRAFIT"    PROGRAM. 

(5)  PRINT     "AMPHI31    LISTING". 

(6)  EXIT    THIS    EXECUTIVE    PROGRAM. 

B.  TYPE    "WAR1"    TO     BEGIN    THE    EXECUTION 
OF    THE    "WAP1    EXEC". 
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II-       IZPECTED    OUTPUT 

The  user  of  the  small- unit  amphibious  operation  combat 
model  and  the  interactive  graphical  support  program  can 
expect  to  receive  or  view  three  types  of  output.  Two  of  the 
types  deal  with  alphanumeric  characters  and  one  type  deals 
with    graphical      cutput.         Each   type      is    discussed      under   the 

i 

program  which  gererates  that  type  of  output. 

A.  SMALL-UNIT    AMPHIBIOUS    OPERAION    COMBAT    MODEL    OUTPUT 

The  small-unit  amphibious  operation  combat  model 
produces  an  alphanumeric  character  type  of  output.  There 
are  two  forms  of  the  alphanumeric  character  type  produced  by 
this  model.  These  two  forms  are  contained  in  the  model's 
output   report.  The   first    form      which    comprises      the    first 

portion  of  the  tiodel's  output  report  for  each  comca:  phase 
is  the  initial  information  providing  the  user  feedback  on 
the      user      supplied      input    data.  The      second      form      which 

comprises  the  reiainder  of  the  molel's  output  report  is  the 
battle  summary  providing  attrition  data  and  ether  forcp 
information  at  speified  time  step  or  steps.  Appendix  D 
depicts    an    example    of   the   model's   output    report. 

B.  INTERACTIVE    GRAPHICAL    SUPPORT   OUTPUT 

The  interactive  graphical  support  produces  the  third 
type  of  output:  graphical.  This  type  of  output  reguires  a 
graphics  device  for  viewing.  The  types  of  devices  available 
for  viewing  the  graphics  cutput  are  Tektronix  hard  copy 
printer  and  Versatec  plotter  located  in  Ingersoll  Hall,  room 
149  or  the  Versatec  plotter  located  within  the  computer 
center  in  Ingersoll.  There  are  three  types  of  graphical 
output   generated   by  the    interactive   graphical   support 
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program.  The  first  type  is  a  line  graph  which  displays  the 
attrition  of  force (s)  per  time  step.  The  second  type  is  the 
bar  chart  which  displays  the  attrition  of  forces  (i.e. 
aggressor  or  defensive  forces)  at  the  termination  of  the 
battle.  The  firal  type  is  the  grid  map  which  depicts  the 
Fulda  Gap  area  utilizing  a  grid  system  without  contour 
lines.  This  map  displays  the  initial  location  of  forces, 
avenues  of  approach  of  the  aggressors,  and  primary  and 
alternate  firing  positions  of  the  defensive  forces.  Each 
unit  is  depicted  by  a  tank  symbol,  and  the  primary  and 
alternate  firing  positions  by  appropriate  crescent  drawings. 
An  example  of  each  type  of  graphical  output  Is  illustrated 
in  Appendix  D. 
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Ill*       liQGRAM    STRUCTURE 

Beth  the  small-unit  amphibious  operation  comti^  model 
and  the  interactive  graphical  support  are  computerized 
programs  written  in  FORTRAN.  Both  programs  consist  of  a 
main      program      and      several      subprograms.  The      subsequent 

discussion  regarding  the  model's  program  focuses  or.  the 
addition  of  thres  subprograms,  whereas  the  discussion  on  the 
support  program  focuses  en  the  main  program  and  its  various 
subprograms. 

A.       RESTRUCTURED    MODEL'S    PROGRAM 

The  restructuring  of  the  model's  program  occurred  in  the 
subprogram  area  Kith  the  addition  of  three  subroutines.  The 
function  of  each  subrou-ine  is  discussed  within  the  intro- 
ductory section  of  the  graphics  portion  of  the  model's 
program      and   of      each      subroutine.  A    discussion      cf      each 

subroutine    is  no%   presented. 

1  -       Subro utine    ANSWER 

Subroutire  ANSWER  provides  the  user  with  a  friendly, 
interactive  interface  with  the  program.  This  subroutine 
accepts  the  typed  input  of  the  user  and  de+ermines  whether 
it  is  a  real  or  integer  number,  or  an  alphabetical  char- 
acter. If  the  user  only  presses  the  ENTER  key  when  a 
desired  input  is  requested,  this  subroutine  waits  for  the 
user  to  enter  the  correct  input  which  provids  the  program 
with   a  self-helping    featura . 
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2.  Subroutine    £££££ 

Subroutine  CLEAR  provides  a  means  for  the  user  to 
clear  the  screen  whenever  the  appropriate  prompt,  is 
displayed.      The     prompt   -co   the   user    is    shown    below. 

PRESS    THE    ENTEP    KEY    TO    CONTINUE 

i 

The  subroutine  accepts  the  press  of  the  enter  key  and  calls 
a  FORTRAN  CHS  subroutine  built  into  the  CMS  library  which 
clears  the  screen.  The  call  to  the  subroutine  is  as 
follows:  CALL  FFTCMS  ('CLRSCRN  •).  Upon  clearing  of  the 
screen,  the  subroutine  returns  control  to  the  program  where 
it    rfas   involked. 

3.  BLOCK    DATA 

ELOCK  DATA  is  a  subprogram  used  to  initialize  varia- 
bles which  are  part  of  a  labeled  (i.=.  named)  common  block. 
This  subprogram  has  to  be  the  last  subprogram  within  a 
FORTRAN  program  to  wcrk  properly.  3y  labeled  is  meant,  a 
group  of  variables  is  referred  to  by  a  single  name  and 
placed  into  a  common  location  for  accessing  and  storage. 
Here  is  an  example  cf  a  common  block. 

COMMON   /PASS1/KB0RARD,  DECIML,  INTEGR,  YES 


In  this  example   the  word  ?  ASS1  is  the  labeled   name  for  the 
common  block. 
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B.       INTERACTIVE     GRAPHICAL    SUPPORT    PROGRAM 

The  interactive  graphical  support  program  consist:  of  a 
main  program  and  seven  subprograms.  Three  of  the  s^ver. 
subprograms  have  been  discussed  in  the  previous  s-ction 
which  are  subroutine  ANSWER,  s-ubroutine  CLEAR,  and  subpro- 
gram ELCCK  DATA.  The  functions  of  these  subprograms  are  the 
same  as  discussed  above.  Therefore,  these  three  subprograms 
are  not  discussed  in  this  section.  This  section  discusses 
the  main  program  and  the  remaining  subprograms  that  comprise 
the    support    program. 

1  •      Main   Program 

The   main    program    is    the      backbone   of   the    interactive 
graphical      support    program.  It      handles    initializing      and 

declaring  of  arrays  ana  variables,  inputting  of  data  from 
the  small-unit  amphibious  operation  comba+  model,  displaying 
of  the  introduction  to  the  screen,  and  branching  to  the  line 
graph,  bar  chart,  or  grid  map  feature.  The  main  program 
interfaces  with  the  user  by  displaying  certain  statements 
guering  the  user  for  responses  which  are  the  branching 
instructions  for  the  main  program  to  react  upon.  The  main 
program  takes  these  brae bin g  instructions,  branches  to  the 
appropriate  graphics  feature,  and  displays  the  desired 
feature      on   the      graphics   device.  This    process      continues 

until  the  user  decides  to  exit  the  main  program.  Prior  to 
and  during  the  interfacing  with  the  user,  the  main  program 
utilizes  subprograms  to  facilitate  in  performing  its  func- 
tions. There  are  three  subprograms  which  are  identical  to 
the  three  previouly  discussed  in  the  above  section  and  will 
not  be  discussed  again  in  this  section.  They  are  subroutine 
ANSWER,  subroutine  CLEAR  and  subprogram  BLOCK  DATA.  The 
remaining  subpro crams  utilized  by  the  main  program  will  be 
discussed    in    alheabetical   order. 
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2-       Subroutine    INITAL 

Subroutine  INITAL  determines  from  amoung  the  arrays 
filled  by  the  subroutine  INPOT  which  amount  of  the  attrition 
data  is  to  be  kept.  Due  to  the  limited  size  of  the  display 
area  within  the  line  graph,  not  all  of  the  attrition  data 
can  be  displayed.  Thus,  this  subroutine  determines  the 
proportion      of   attrition      data  that      is      to    be      used    in      the 

c 

display.  The  criteria  of  the  selection  process  relating  to 
the    attrition   data    fellows: 

If   the    number  of   time    steDs    is    greater    than 
55,     accept  every   fourth    data    point. 

If   the    number   of   time    steps    is    greater    than 
25   and    less   than   or    equal    to    55,    accept 
every  second   data  point. 

If   the    number  of    time    steps    is    less   than    or 
equal   to    25,    accept    every    da^.a    point. 

This  selection  process  is  also  associated  with  determining 
the  x-axis  label  (i.e.  time  step)  on  the  line  graph,  so  that 
the    data    and   the   time   step    match    each    other. 

3 •      S ubro ut i ne    INPUT 

Subroutine  INPUT  accesses  the  output  data  of  the 
small-unit  amphibious  operation  combat  model  from  the  user's 
disk  space.  The  input  data  are  placed  in  appropriate  data 
structures  for  further  processing  and  analysis  within  the 
main    program. 


4-       Subroutine    PICTUR 

Subroutine      PICTUR      is   a      DISSPLA      subroutine      which 
draws      a   user      defined   picture.  This    subroutine      produces 

three   types      of    symbols      utilized   in      *he    grid      map   display. 
The    first    symbol   is    the    unit      symbol    which    is   a    tank.         This 
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symbol  is  placed  on  the  initial  location  of  each  ur.it  and 
subsequent  locations  if  movement  is  greater  than  two-hundred 
meters   from      the   initial   location.  If    the   unit      dees   move 

further  than  twe- hundred  meters,  the  new  location  becomes 
the    initial      location    for   further   comparisons.  The    second 

symbol  is  the  primary  firing  position  symbol  which  is  a 
crescent    shaped    solid    line.         The   final    symbol   is    the    alter- 

i 

nate  firing  position  symbol  which  is  a  crescent  shaped 
dashed   line. 

5.      lection    VALjSAX 

Function  VALJfAX  is  a  real  function  whese  input  parameter 
is  an  array  and  cutput  value  is  tha  maximum  value  within  the 
inputted   array. 
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VIII-        DEFINITIONS    OF    VARIABLES 

The  definitions  of  variables  ars  discussed  according  to 
which    program      the    variable    is      utilized   in.  This    section 

consists  of  two  sections  with  the  first  section  dealing  with 
the  variables  added  to  the  small-unit  amphibious  operation 
combat  model  for  this  thesis,  and  the  second  section  dealing 
with  the  variables  within  the  interactive  graphical  supper* 
prooram . 

A.       SMALL-UNIT    APPHIBIOUS    OPERATION    COMBAT    MODEL 

The  below  listed  variables  for  the  small-unit  amphibious 
operation  combat  model  does  not  represent  •'-.he  entire  list  of 
variables.  The  variables  listed  are  the  ones  added  to  the 
combat  model  for  this  thesis.  For  a  detail  listing  of  the 
remaining  variables  of  the  combat  model  refer  to  Appendix  A, 
Section   Vll   of  Crites*   thesis. 

COMBAT    MODEL    VARIABLES 

NAME  DEFINITION 

DECIML  REAL    VALUE    RETURNED    BY    SUBROUTINE 

ANSWER 

GFSUR  ARRAY    WHICH    CONTAINS     VALUES    0? 

ATTRITION    ?0R    EACH    FORCE    AT    THE    FINAL 
TIME    STEP    DURING    LAND    COMBAT    PHASE 

GNPTS  REPRESENTS    THE    VALUE    OF    THE    TOTAL    NUM- 

BER   OF    LAND    TIME    STEPS    THAT    THE    MODEL 
HAS    PROCESSED    THROUGH 

GTSUR  ARRAY    WHICH    CONTAINS    THE    VALUE    OF    THE 

ATTRITION    OF    EACH    FORCE    PER    TIME    STEP 
DURING    LAND     COMBAT     PHASE 

I3LCT  INTEGER     VALUE    OF    "BEGIN    LAND    COMBAT 

TIME" 

IELCT  INTEGER     VALUE    OF    "END    LAND    COMBAT 

TIME" 

IESST  INTEGER     VALUE    OF    "END    SHIP-TO- SHORE 

TIME" 

INTEGR  INTEGER     VALUE    RETURNED    BY    SUBROUTINE 

ANSWER 
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COMBAT    MODEL    VARIABLES 


NAME 
IPRINT 

K  BOARD 

SFSUR 

SLVA 

SNPTS 
STATU 
STSDR 
SUNIT 

TSIG 
TSIS 
XCK 
XCORD 

YCORD 

YES 


DEFINITION 

INTEGER     VALUE    WHICH    REPRESENTS    THE 
SELECTION    OF    THE    METHOD    THAT    THE 
OUTPUT    IS    WRITTEN    TO    THE    AMPHI5  1 
LISTING    ON    A1     DISK 

REPRESENSTS    FILE    DEFINITION    OF 
"07"    FOR     KEYBOARD 

ARRAY    WHICH    CONTAINS    THE    VALUE    OF 
ATTRITION    FOR    EACH     FORCE    AT    THE 
FINAL    TIME   STEP    DURING    SHIP-TO- 
SHORE    COMBAT    PHASE 

ARRAY    WHICH    CONTAINS     BEGINNING 
STRENGTHS    OF    THE    LVA'S    IN    SHIP- 
TO-SHORE    COM  EAT    PHASE 

REPRESENTS    THE    VALUE    OF    THE    TOTAL 
NUMBER    OF    SHI F-TO-S HORE    TIME    STEPS 
THAT    THE     MODEL    HAS    PROCESSED    THROUGH 


ARRAY    WHICH    CONTAINS     BEGINNING 
STRENGTHS    OF    THE    TANKS    AND    ATGM'S 
SHIP-TO- SHORE    COMBAT    PHASE 


IN 


ARRAY    WHICH    CONTAINS    THE    VALUE    OF    THE 
ATTRITION    PER    EACH    FORCE    PER    TIME    STE! 
FOR    SHIP-TO-SHORE    COMBAT    PHASE 

ARRAY    WHICH    CONTAINS     BEGINNING 
STRENGTHS    OF    ALL    UNITS    WITHIN    LAND 
COMBAT    PHASE    —    1    TO    3    =>    AGGRESSORS; 
4    TO    6    =>    DEFENDERS 

TIME    STEP    FOR    LAND    COMBAT    PHASE 

TIME    STEP    FOR    SHIP-TO-SHORE    PHASE 

FLAG    USED    WITHIN    SUBROUTINE    GROUND 

ARRAY    WHICH    CONTAINS     X    COORDINATES 
OF    UNITS     WITHIN    LAND    COMEAT    PHASE 

ARRAY    WHICH    CONTAINS    Y    COORDINATES 
OF    UNITS     WITHIN    LAND    COMEAT    PHASE 

LOGICAL     VALUE    RETURNED    BY    SUBROUTINE 
ANSWER 
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B.       INTERACTIVE    GRAPHICAL    SUPPORT    PROGRAM 


The  variables  which  are  common  to  the  interactive  graph- 
ical support  program  ara  listed  first.  Th<^  reaaininq 
variables  within  the  program  are  listed  under  ■'■heir  respec- 
tive   subprogram. 


COMMON    VARIA3LE5 


NAME 

DECIML 

REAL  VAL 
ANSWER 

ATGM 

ARRAY  WH 
INITIAL 

ATGMA 

ARRAY  WH 
INITIAL 
COPY  OF 

GATM 

TIME  LAN 

GASUR 

ARRAY  WH 
ION  FOR 

STEP  DUR 

GDSUR 

ARRAY  WH 
ION  FOR 

STEP  DUR 

GNPTS 

REPRESSN 
BER  OF  L 
HAS  PROC 

GTSX 

ARRAY  WH 

TIME  SIS 

IBLCT 

INTEGER 
TIME" 

IELCT 

INTEGER 
TIMS" 

IESST 

INTEGER 

TIME" 

ILCA 

ARRAY  WH 
FOR  LAND 

INTEGR 

INTEGER 
ANSWER 

ISTSA 

ARRAY  WH 
FOR  SHI? 

K 

REPRESEN 
ATTRITIO 

DEFINITION 
UE    RETURNED    BY    SUBROUTINE 


ICH    CONTAINS    PERCENTAGES    OF 
ONUS    REMANINING    OF    ATGM    UNIT 

ICH    CONTAINS    PERCENTAGES    OF 
UNITS    REMANINING    OF    ATGM    UtflT; 
PREVIOUS    ARRAY 

D    COMBAT    PHASE    BEGINS 

ICH  CONTAINS  VALUES  OF  ATTRIT- 
AGGRESSOR  FORCES  AT  PIN&L  TIVE 
ING    LAND    COMBAT    PHASE 

ICH  CONTAINS  VALUES  OF  ATTRIT- 
DS7ENSIVE  FORCES  AT  FINAL  TIMS 
ING    LAND    COMBAT    PHASE 

TS    THE    VALUE    OF    THE    TOTAL    3JM- 
AND    TIME    STEPS    THAT    THE    MODEL 
ESSED    THROUGH 

ICH    CONTAINS    X-AXIS    VALUES    OF 
FS    IN    LAND    COMBAT    PHASE 

VALUE    OF    "BEGIN    LAND    COMBAT 


VALUE    OF    "END    LAND    COMBAT 


VALUE    OF    "END    SHIP-TO-SHORE 


ICH    CONTAINS    MENU    SELECTIONS 
COMBAT    PHASE 

VALUE    RETORNED    BY    SUBROUTINE 


ICH    CONTAINS    MENU    SELECTIONS 
-TO-SHORE    COMBAT    PHASE 

TS    THE    SCALE    FACTOR    OF    THE 
N    IN    THE    LINE    GRAPH 
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COMMON    VARIABLES 

NAME  PgglggTIOlj 

K30ARD  REPRESENTS    FILE    DEFINITION    OF    "05" 

FOR    KEYBOARD 

NPTG  INTEGER    VALUE    OF    SNPTS 

NPTS  INTEGER     VALUE    OF    SNPTS 

SASUR  ARRAY    WHICH    CONTAINS    VALUES    OF    ATTRIT- 

ION   FOR     AGGRESSOR    FORCES    AT    FINAL    TIME 
STEP    DURING    SHIP-TO-SHORE    COM3AT    PHASE 

SDSUP  ARRAY    WHICH    CONTAINS     VALUES    OF    ATTRIT- 

ION   FOR     DEFENSIVE    FORCES    AT    FINAL    TIME 
STEP    DURING    SHIP-TO-SHORE    COMBAT    PHASE 

SNPTS  REPRESENTS    THE    VALUE    OF    THE    TOTAL    NUM- 

BER   OF    SHIP-TO-SH3F E    TIME    STEPS    THAT 
THE    MODEL    HAS    PROCESSED    THROUGH 

STSX  ARRAY    WHICH    CONTAINS    X-AXIS    VALUES    OF 

TIME    STEPS    IN    SHIP-IO-S HORE    PHASE 

TANK  ARRAY    WHICH    CONTAINS    PERCENTAGES    OF 

INITIAL     UNITS    REMAINING    OF    THE    TANK 
UNIT 

TANKA  ARRAY    WHICH    CONTAINS    PERCENTAGES    OF 

INITIAL     UNITS     SEMAJNING    OF    THE    TANK 
UNIT;    COPY    OF    PREVIOUS     ARRAY 

TSIG  TIME    STEP    FOR    LAND    C0M3AT    PHASE 

TSIS  TIME    STEP    FOR    SHIP-TO-SHORE    PHASE 

UNIT  ARRAY    WHICH    CONTAINS    PERCENTAGES    OF 

INITIAL     UNITS    REMAINING    OF    AGGRESSOR'S 
UNITS:    THE    ARRAYS    ARE    NUMBERED    FROM 
1     TO    3 

UNIT    A  ARRAY    WHICH    CONTAINS    PERCENTAGES    OF 

INITIAL     UNITS    REMAINING    OF    AGGRESSOR'S 
UNITS:    THE    ARRAYS    ARE    NUMBERED    FROM 
1    TO    3;     COPY    OF    PREVIOUS    ARRAY 

UNIT  ARRAY    WHICH    CONTAINS    PERCENTAGES    OF 

INITIAL     UNITS    REMAINING    OF    DEFENDER'S 
UNITS:    THE    ARRAYS    ARE    NUMBERED    FROM 
4    TO    6 

UNIT    A  ARRAY    WHICH    CONTAINS    PERCENTAGES    OF 

INITIAL     UNITS    REMAINING    OF    DEFENDER'S 
UNITS:    THE    ARRAYS    ARE    NUMBERED    FROM 
4    TO    o;     COPY    OF    PREVIOUS    ARRAY 

WAVE  ARRAY    WHICH    CONTAINS    PERCENTAGES    OF 

INITIAL     UNITS    REMAINING    CF    AGGRESSOR'S 
WAVES:    THE    ARRAYS    ARE    NUMBERED    FROM 
1     TO    d 

WAVE    A  ARRAY    WHICH    CONTAINS    PERCENTAGES    OF 

INITIAL     UNITS    REMAINING    OF    AGGRESSOR'S 
WAVES:    THE    ARRAYS    ARE    NUMBERED    FROM 
1     TO    5;     COPY    OF    PREVIOUS    ARRAY 
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COMMON    VARIABLES 

E1HE  2£££S£X£21! 

X  AFRAY    WHICH    CONTAINS     X-AXIS    COORDINATES 

OF    UNITS     IN    LAND    COMBAT    PHASE;     THE    ARRAYS 
ARE    RUBBERED    FROM    1    TO    6 

XA  ARRAY    WHICH    CONTAINS    X-AXIS    COORDINATES 

OF    ALTERNATE    FIRING    POSITIONS    FOR    ALL 
DEFENSIVE    UNITS    IN    LAND    COMBAT    PHASE 

Y  ARRAY    WHICH    CONTAINS    Y-AXIS    COORDINATES 

OF    UNITS     IN    LAND    COMBAT    PHASE;     THE    ARRAYS 
ARE    NUMBERED    FROM    1     TO    6 

YA  ARRAY    WHICH    CONTAINS    Y-AXIS    COORDINATES 

OF    ALTERNATE    FIRING    POSITIONS     FOR    ALL 
DEFENSIVE    UNITS    IN    LAND    COMBAT    PHASE 


MAIN    PROGRAM 

NAME  DEFINITION 

A  MAX  TEMPORARY    VARIABLE    WHICH    REPRESENTS 

THE    MAXIMUM    VALUE    OF    EITHER    AXIS    WHEN 
FUNCTION    MAXVAL    IS    CALLED 

CX  CHECK    VARIABLE    FOR    X-AXIS    COORDINATES 

OF    EACH    UNIT:     THE    ARRAYS    ARE    NUMBERED 
FROM    1    THRU    6 

CY  CHECK    VARIABLE    FOR    Y-AXIS    CORRDIMATES 

OF    EACH     UNIT;     THE    ARRAYS    ARE    NUMBERED 
FROM    1    THRU    6 

FLAG  LCGICAL     VARIAELE    TO    DETERMINE    IF 

"DONEPL"     IS    CALLED 

GXMAX  MAXIMUM     VALUE    OF    X-AXIS     ON    GRID    MAP 

GXMAXA  MAXIMUM     VALUE    OF    SECONDARY    X-AXIS 

ON    GRID     MAP 

GXTEMP  TEMPORARY    VALUE    OF    THE    NUM3ER    OF    GRID 

LINES    ON    THE    MAP    FOR    THE    X-AXIS 

GYMAX  MAXIMUM    VALUE    OF    Y-AXIS    ON    GRID    MAP 

GYMAXA  MAXIMUM     VALUE    OF    SECONDARY    Y-AXIS 

ON    GRID     MAP 

GYTSMP  TEMPORARY    VALUE    OF    THE    NUMBER    OF    GRID 

LINES    ON    THE    MA?    FOR    THE    Y-AXIS 

IPAK  ARRAY    WHICH    CONTAINS    THE    PACK    STORY 

FOR   THE    LINE    GRAPH 

IPKRAY  ARRAY    WHICH    CONTAINS    THE    PACK    STORY 

FOR   THE     EAR    CHART 

J  INCREMENTIAL    VARIABLE    FOR    EACH    UNIT; 

THE    ARRAYS    ARE    NUMBERED    FROM     1     THRU    6 
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MAIN    PROGRAM 


DEFINITION 

LABEL    LINE    GRAPH    FOR    AGGRESSOR    FORCES 
IN    SHIP-TO-SHORE    ZOM3AT    PHASE 

LABEL    LINE   GRAPH    FOR    DEFENSIVE    FORCES 
IN    SHIP-TO-SHORE    COMBAT    PHASE 

LABEL    LINE    GRAPH    FOR    AGGRESSOR     FORCES 
IN    LAND    COMBAT    PHASE 

LABEL    LINE    GRAPH    FOR    DEFENSIVE    FORCES 
IN    LAND    COMBAT    PHASE 

LOGICAL     VARIABLE    TO    EXIT    PROGRAM 

MAXIMUM     X-AXIS    VALUE    FOR    LINE    GRAPH 

ARRAY    WHICH    CONTAINS    MAXIMUM    VALUE    OF 
X-AXIS    FOR    ALL    UNITS    IN    LAND    COMBAT 
PHASE 

X-AXIS    COORDINATE    FOR    LOWER    LEFT 
CCRNER    OF    A    BLANKED    RECTANGLE 

ARRAY    WHICH    CONTAINS     MAXIMUM    VALUE    OF 
Y-AXIS    FOR    ALL    UNITS     IN    LAND    COMBAT 
PHASE 

Y-AXIS    COORDINATE    FOR    LOWER    LEFT 
CCRNER    OF    A    BLANKED    RECTANGLE 

Y-AXIS    COORDINATE    OF    VECTOR    SPECIFIED 
IN    AXIS     UNITS 


SUBROUTINE    ANSWER 

NAME  DEFINITION 

ELANK  REPRESENTS    A    BLANK 

DIGIT  ARRAY    WHICH    CONTAINS    THE    VALUE    OF    THE 

DIGITS    FROM    "0"    TO    "9" 

DPCINT  REPRESENTS    A    DECIMAL    POINT 

LETTER  HAS   THE    VALUE    OF    THE    FIRST    NON-BLANK 

CHARACTER    IN    THE    INPUT 

LETY  REPRESENTS    THE    LETTER    "Y" 

NEGATE  LOGICAL     VARIABLE    WHICH    IS    SET    TO 

.TRUE.    WHEN    A    "Y"    IS     ENCOUNTSD     AS 
THE    INPUT    DATA 

ZERO  REPRESENTS    THE    NUMBER    "0" 


N£.ME. 

IABEL1 

LABEL2 

LABEL3 

LABELU 

QUIT 

XMAX 

XMAXA 

XORG 

YMAXA 

YORG 

YVAL 
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SUBROUTINE    CLEAR 


NAME  DEFINITION 

A  DUMMY    LIST    FOR    INPUT    OF    DATA 

FBOM    TERMINAL 


SUBROUTINE    INITAL 


NAME  DEFINITION 

CHK  REPRESENTS    THE    REMAINDER    OF    THE 

"MOD"    FUNCTION    OF    TWO    NUMESPS 

IEND  MAXIMUM     VALUE    OF    TIME    STEP    FOR 

LINE    GRAPH 


SUBROUTINE    PICTR 


DEFINITION 

ERANCHING    VARIABLE    AND    PARAMETER    FOR 
PICTUR 

NUMBER    OF    POINTS    TO    BE    CONNECTED    TO 
DRAW    THE    PICTURE    OF    THE    TANK 

ARRAY    WHICH    CONTAINS    TANK'S    X-AXIS 
COORDINATES 

ARRAY    WHICH    CONTAINS    THE    X-AXIS 
COORDINATES    FOR    ALTERNATE    FIRING 
POSITION    SYMBOL;     THE    ARRAYS    ARE 
NUMBERED     FROM    1    TO    9 

TYARAY  ARRAY    WHICH    CONTAINS    TANK'S    Y-AXIS 

COORDINATES 

TYARY  ARRAY    WHICH    CONTAINS    THE    Y-AXIS 

COORDINATES    FOR    ALTERNATE    FIRING 
POSITION    SYMBOL;     THE    ARRAYS    ARE 
NUMBERED    FROM    1    TO    9 

XDPT  THE    X    COORDINATE    IN    INCHES    OF    THE 

SYMBOL    ORIGIN 

XP  ARRAY    WHICH    CONTAINS    THE    TRANSFORMED 

X-AXIS    COORDINATES 

YDPT  THE    Y    COORDINATE    IN    INCHES    OF    THE 

SYMBOL    ORIGIN 

YP  ARRAY    WHICH    CONTAINS    THE    TRANSFORMED 

Y-AXIS    COORDINATES 


MJH 

I 

NPTST 

TXARAY 

TXARY 
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FUNCTION    VALMAX 


NAME 
ARRAY 

NUM 


DEFINITION 

ARRAY    WHICH    CONTAINS    THE    INPUTTED 
ARRAY    FROM    THE    FUNCTION    CALL 

UPPER    BOUND    ON    THE    "DO-LOO?" 
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APPENDIX    B 
INPOT    DATA    SET 

for  the 
INTERACTIVE     GRAPHICAL    SUPPORT 

t 

and 
A    SMALL-OFIT     AMEHI3I0US    OPERATION    COMBAT    MODEL 

Due  to  the  nature  of  this  thesis,  there  exists  two  input 
data  sets.  The  first  input  data  set  are  associated  with  the 
small-unit    amphibious      operation    combat    model.  The    second 

input  data  set  a le  associated  with  the  interactive  graphical 
support.  Each  data  set  is  discussed  separately  and  followed 
by   its  computer    file   listing. 

A.       SMALL-UNIIT     AMPHIBIOUS    OPERATION    COMBAT    MODEL    DATA    SET 

The  small-unit  amphibious  operation  combat  model 
requires  data  for  each  of  the  two  phases  of  combat.  The 
input  data  for  these  combat  phases  are  listed  in  the  SSA1 
DATA  file  for  the  ship-to-shore  combat  phase  and  in  the  LAND 
DATA  file  for  the  land  combat  phase.  Also  available  to  the 
user  is  a  blank  file  for  both  of  the  combat  phases  which  are 
the  3SEA1  DATA  file  for  the  ship-to- shore  combat  phase  and 
the    BLAND      DATA    file      for   the   land      combat    phase.  The   two 

blank  data  files  are  utilized  when  the  user  wishes  to  input 
a  totally    different      data   base    for    the    model.  If   the   user 

wants  to  change  cniy  a  few  of  the  input  data  items,  he  would 
utilize  the  complete  data  files.  The  four  files  list  the 
descriptive  name  along  side  of  the  input  data  item  providing 
the    user    a    means   of    associating    the    input    data   item    with 
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their  respective  input  variable.  A  copy  of  each  of  -he 
input  data  files  follows  in  the  order  cf  SEA1,  LAND,  BSEA1, 
and  BLAND. 
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PILE:     SEA1  DATA  A  NAV  II    POSTGRADUATE    SCHOOL 

LVA'S         SPDMAX    =    40.00    SPDMIN    =10.5  HTM  AX    =»    1.7    HTMIN    =    0.6    WIDTH    =    3.533 

TANK    MAX    RANGE    =       1500.  ATGM    MAX    RANGE    =       2000.     ATOM    BIN    RANGE    =       2C0. 

TARTS    =    15.  SARTH    =    30.  TV  EL    =    350.     SVEL    =■    350. 

TSIGV    =    25.                 500.                 1000.  2000.  5000.  10000.  0. 

2.                     5.                     20.  25.  25. 

TSIGH    =    25.                 500.                 1000.  2000.  5000.  10000.  0. 

2.                     5.                     20.  25.  25. 

TMENH    =    25.                 500.                 1000.  2000.  5000.  10000.  0. 

1.                       5.                       10.  15.  15. 

SSIGV    =    25.                 250.                   500.  1000.  2500.  5000.             10000. 

0.         5.          7.5  14.  15.5  17.  20. 

SSIGH  =  25.       250.        500.  1000.  2500.  5000.     10000. 

0.         5.          7.5  14.'  15.5  17.  20. 

CEF.    WEIGHTS    ASSIGNED    TC    WAVE    ONE    ■  2.     AND    WAVE    TWO    =  1. 

NO.    OF    LVA   -^ER    WAVE    =    25.  20.  15.  10.  5. 

SHORE    DEF.    TANK    ASSETS  =  10.     ATGM    ASSETS    =  10. 
DEF    FORCE    ATTRIT   COEF.     FOR    TANK    FIRE:       ALPHA    =    0.00006    AND    BETA    =    0.00008 

AND    FOR    ATGM    FIRE:       ALPHA    =    0.0007       AND    BY.Tk    =    0.0009 

AIMED    FIRE    ATTRIT  COEF.  :               VBETA(1)  =       0.0005       WBETA  (2)     =»    0.0007 
GAINL    =      0.32 
GAMMA    =      50.0                   DELTA    =    100.0 
NO.    OF    HILLS    IN    TERRAIN    MOCEL    =      46 
BASE    *    0.0 

BILL    DATA:XC=«    2000.     YC=  1100.    PEAK*  170.    A  NGH=      0.1    SPRD*    9Q9.9       ECC=    8.0 

1800.  2200.  150.  30.  350.  2.0 

2000.  1900.  150.  130.  300.  2. 

2400.  1400.  150.  0.1  300.  2.5 

2450.  1700.  130.  80.  500.  2.2 

2700.  1800    .  138.  90.  500.  2.2 

3200.  1650.  140.  150.  600.  3. 

4300.  1300.  130.  160.  400.  3.5 

3750.  1750.  150.  0.1  660.  3.6 

4150.  1600.  150.  160.  550.  3. 

320').  2150.  130.  25.  500.  1.5 

4600.  1700.  170.  45.  300.  2.5 

4800.  1500.  170.  0.1  300.  2.5 

2200.  2600.  170.  90.  350.  1.8 

2400.  2850.  150.      .  120.  300.  1.8 

3100.  2700.  150.  150.  350.  2. 

2500.  2400.  150.  0.1  250.  1.0 

2650.  2650.  150.  160.0  400.  3.0 

2700.  2600.  150.      ,  130.  370.  1.3 

3800.  2200.  150.  0.1  230.  1.5 

4500.  2600.  150.  90.  280.  1.3 

3600.  2800.  150.  145.  500.  2.5 

2700.  3300.  190.  25.  350.  2.0 

3000.  3300.  170.  15.  400.  2.5 

3150.  3750.  130.  0.1  350.  2.5 

3750.  3200.  150.  10.  850.  5.0 

3800.  3800.  150.      •  0.1  650.  3. 

3600.  3600.  150.  160.  320.  2.0 

4150.  3950.  170.  30.  220.  2.2 

1650.  2100.  150.  30.  300.  2.0 

2250.  2100.  180.  150.  220.  1.2 

2200.  1700.  180.  eO.  150.  1.5 

2800.  1400.  150.     .  165.  500.  2.7 

3800.  2650.  150.  20.  400.  2.5 

4150.  3000.  130.  160.  300.  1.7 

4450.  3150.  130.  140.  350.  2.5 

4850.  3600.  150.  45.  400.  1.8 

4500.  4000.  150.  60.  450.  2. 

4850.  3450.  150.  150.  440.  1.8 

4900.  3000.  130.  45.  250.  1.5 

4700.  2400.  150.  50.  uOO.  2.5 

4900.  2000.  130.  0.1  250.  1.5 

2500.  11C0.  170.  0.1  950.  8. 

3350.  4300.  150.  45.  450.  2.5 

4000.  2200.  150.  45.  280.  2. 

3900.  2200.  150.  0.1  300.  3.5 
LST(5r4)     =000            0001            7         18         27 

0        33        39         53  62  0        74         77        83        93 
NHL(5,U)     »0000006         1196 
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PILE:     SEA1 

DATA 

A 

NAVAL    POSTGRAD  DATS 

SCHOOL 

0 

6 

14 

9 

12 

0 

3 

6 

10 

9 

NO.    OF    HIL 

TOTAL    = 

101 

LISTH  (I) 

a 

1 

2 

3 

30 

l| 

43 

1 

3 

4 

5 

6 

32 

33 

7 

1  1 

31 

43 

1 

6 

7 

8 

9 

10 

1  1 

33 

43 

10 

12 

13 

9 

8 

42 

2 

14 

30 

23 

15 

3 

14 

15 

16 

17 

18 

19 

20 

3 

6 

23 

11 

7 

2 

31 

11 

16 

20 

22 

34 

35 

44 

45 

46 

20 

21 

22 

12 

34 

35 

36 

40 

41 

42 

U5 

46 

14 

23 

15 

23 

24 

25 

15 

26 

14 

25 

26 

27 

28 

29 

24 

22 

23 

35 

44 

26 

27 

29 

35 

36 

37 

38 

39 

40 

■ 

NOVELS    » 

0 

75 


FIIE:     LAND 


DATA 


NAVAL    POSTGRADUATE    SCHOOL 


ATT 

BETA    D 

ATT 

BETA    D 

NO.     DE 

RMINT 

TYPE 


NO. 
XLOC  ( 

NO. 
XLOC  ( 

NO. 
XLOC  ( 
XLOC] 
DEF    UNI 

I 

LOCATIO 

ALT 

XA 

XA 

0 
0 
0 
0 
0 
0 
P  0 
0 
0 
0 
0 
0 


hit  n 

1ST.  I 
RIT  VA 
1ST.  I 
F  UNIT 
K  =  00 
OF  RO 
X    = 


CF    NOD 
1,1)  = 
CF    NOD 
2.11- 

CF    NOD 

|:fl: 

T    X    = 

N 

.    POS. 

H: 

.60 
.85 
.80 
.75 
.60 
.40 
.85 
.80 
.75 
.60 
.45 
.20 


0 

PA 

0 

PA 

03 


R    » 

NIUT 

R    = 

NEUT 

S    = 

00. c 

UTE  =  1 
20C0.0 
19C0.0 
1500.0 

ES    IOR 
50C0.0 

ES    POP 
4900.0 

ES    FOR 
22(0.0 
43(0.0 
2800.0 
3800.0 
3600 
VAF. 
45(0 
45  00 
4600 
0 


DSEED 

RAMETERS: 

DSEED 

RAHETERS: 

NO.     ATK 

RMXTK    =    2500.0 

VEHICLE  SPEE 

Y     =»       1 


143257. 
FP    = 

123457. 
FD    = 
UMTS 


ROUTE  1 
YLOC  (1 

ROUTE  2 
YLOC  (2 

ROUTE    3 


0 

0 
3 
0 

,0 
70 


PHH 


0.90 
0.85 
0.80 
0.70 
0.  45 
0.85 
('.  80 
(.75 
(■.65 
(.50 
0.20 


YLOC<3 


,1)  ■ 
71)  ■ 

Y     = 


BREAK    PT 
YA( 

ya  ; 


0. 
0. 
0. 
0. 
0. 
0. 
PHH  0. 
0. 
0. 
0. 
0. 
0. 


65 
85 
85 
75 
65 
40 
75 
75 
70 
60 
50 
20 


PKH 


=   03 

? MI NTH 

D    =    4 

900.0 

400.0 

100.0 

01 

500.0 

01 

150.  0 

02 

700.  0 

750 

700. 

300. 

700 

500 

800.0 

700.0 

800.0 

0.85 

C.90 

0.80 

0.70 

C.65 

0.50 

0.70 

0.70 

0.60 

0.55 

0.3  5 

0.20 


(FOR    AGGRESSOR  FORCES) 

5.0      QO    =  25.0 

(FOR    DEFENSIVE  FORCES) 

25.0      QD    =  5.0 


QD 
0500.0 


RHXTrf    =    4000.0 


.      FOR    NODE     1    OF    ROUTE    1 

FOR    NODE     1    OF    ROUTE    2 

FOR    NODE     1    OF    ROUTE    3 
FOP    NODS    2    OF    ROUTE    3 
FORCE10.0       DIR.     190    WIDTH 
LEVEL    5.0         OF       190         OF 

10.0       HVMT    130      SHCH 
NO.    TIME    STEPS    FOR    MOVE 
FOP    ALT.    POS.     1 
»  a  2 

a  a  a  3 


120 

120 

120 

4 
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FILE:     3SEA1 


DATA 


NA7AL    POSTGRADUATE    SCHOOL 


LVA'S         SPDMAX    = 

SVDMIN    ■ 

HTM  AX 

s 

- 

HTMIN    = 

WIDTH 

s 

TTS    *   *".' 

""       LENGTH    C7    EACH    TIME 

Si 

'EP    IN 

SECONDS. 

TANK    MAX    HANGS    ■    — 

.     ATGM    K \>    RANGE    = 

.     ATGM    MIN 

RANGE    = 

_ 

TARTM    =      ~T" 

SARTM     = 

.       TVEL    ' 

;_.    SVEL    ' 

TSIGV    =   . 

*                 _»_  * 

*                  ,  m  m , .  * 

'               ____* 

__— _ 

~^_~—  * 

• 

TSIGH    =   _Z, 

— 

—  • 

— 

— ' 

_^^^         • 

• 

TMENH    =   _~. 

— ' 

— 

— ' 

— ' 

• 

SSIGV    =    _Z- 

' 

• 

' 

SSIGH  =  _~; 

' 

-' 

'- 

1 

- 

• 

• 

EEF.    WEIGHTS    ASSIGNED    TO    WAVE   "0  SE    =             ~\ 

AND    WAVE' 

TWO    « 

9 

m 

• 

NO.    OF    LVA    PER 

WAVE    ■ 

~ 

m 

^^  • 

m 

SHORE    DEF.    TANK    ASSETS    = 

. 

ATGR 

2TS    = 

m 

~~ 

ATTRIT    COEF.     FOR    AGGRESSOR    FORCE    FIRE:     ATPHA1  = 

m 

ALPHJ2    = 

• 

AITRIT    COEF.     FCR    DEFENSIVE    FORCl 

:    FIRE:     BET  A1    = 

. 

.__ 

BETA2      = 

~.                 m 

AIMED    FIRE    ATTRIT    COEF.: 

WBETA(1) 

s 

• 

~.Z    HBE 

m  __^_-_ 

GAINL    = 

GAMMA    = 

D2ITA    = 

NO.    OF    HILLS    If 

TEF.RAIN    HOC2L    -   TO"    ' 

BASE   =    0. 

0 

HILL    DATA:XC=    2000.     YC»       100.     PEAK-    170.    A NGH= 

■      0.1 

SPBD= 

i    9°9.9 

ECC=    8.0 

1800. 

2200. 

150. 

30. 

350. 

2.0 

2000. 

1900. 

150. 

130. 

300. 

2. 

24  00. 

14  00. 

150. 

0.1 

300. 

2.5 

2450. 

1700. 

130. 

80. 

500. 

2.2 

2700. 

18  00    . 

138. 

90. 

500. 

2.2 

3200. 

1650. 

140. 

150. 

600. 

3. 

43  00. 

1300. 

130. 

160. 

400. 

3.5 

3750. 

17  50. 

150. 

0.1 

660. 

3.6 

4153. 

1600. 

150. 

160. 

550. 

3. 

3200. 

2150. 

130. 

25. 

500. 

1.5 

4600. 

17  00. 

170. 

45. 

300. 

2.5 

Ii800. 

1500. 

170. 

0.  1 

300. 

2.5 

2200. 

2600. 

170. 

90. 

350. 

1.8 

2400. 

2850. 

150. 

120. 

300. 

1.8 

3100. 

2700. 

150. 

150. 

350. 

2. 

2500. 

2400. 

150. 

0.1 

250. 

1.0 

2650. 

2350. 

150. 

160.0 

400. 

3.0 

2700. 

2600. 

150. 

130. 

370. 

1.8 

3800. 

2200. 

150. 

0.  1 

230. 

1.5 

4500. 

2600. 

150. 

90. 

280. 

1.  3 

3600. 

2800. 

150. 

145. 

500. 

2.5 

2700. 

3300. 

190. 

25. 

350. 

2.0 

3000. 

3300. 

170. 

15. 

400. 

2.5 

3150. 

L7  50. 

130. 

0.1 

350. 

2.  5 

3750. 

3200. 

150. 

10. 

850. 

5.0 

2800. 

3800. 

150. 

0.1 

650. 

3. 

36C0. 

3600. 

150. 

160. 

320. 

2.0 

4150. 

3950. 

170. 

30. 

220. 

2.2 

1650. 

2100. 

150. 

30. 

300. 

2.0 

2250. 

2100. 

130. 

150. 

220. 

1.2 

2200. 

1700. 

180. 

80. 

150. 

1.5 

2800. 

14  00. 

150. 

165. 

500. 

2.7 

3800. 

2650. 

150. 

20. 

400. 

2.5 

4150. 

3000. 

130. 

160. 

300. 

1.7 

4450. 

3150. 

130. 

140. 

350. 

2.5 

4850. 

3600. 

150. 

45. 

400. 

1.8 

4500. 

4000. 

150. 

60. 

450. 

2. 

4650. 

3450. 

150. 

150. 

440. 

1.8 

4900. 

3000. 

130. 

45. 

250. 

1.5 

4700. 

2400. 

150. 

50. 

400. 

2.5 

4900. 

2000. 

130. 

0.  1 

250. 

1.5 

2500. 

1100. 

170. 

0.1 

950. 

8. 

3350. 

4300. 

150. 

45. 

450. 

2.5 

4000. 

2200. 

150. 

45. 

280. 

2. 

3900. 

2200. 

150. 

0.1 

300. 

3.5 

LST(5,4) 

0           0 

0           0 

0 

1 

7 

18         27 

0 

33        39 

53        62 

0 

74 

77 

83        93 

77 


LE:  BSEA1 

DATA 

A 

NAVAL  POSTGRADUATE 

SCHOOL 

NHL(5,4) 

X 

0 

0 

0 

0 

0 

0 

6 

1  1 

q 

6 

0 

6 

14 

9 

12 

0 

3 

6 

10 

9 

NO.  OF  HI1 

TOTAL  = 

101 

LISTH(I) 

■ 

1 

2 

3 

30 

a 

43 

1 

3 

4 

5 

6 

32 

33 

7 

1 1 

31 

U3 

1 

6 

7 

8 

9 

10 

11 

33 

43 

10 

12 

13 

9 

8 

42 

2 

14 

30 

23 

15 

3 

14 

15 

16 

17 

18 

19 

20 

3 

6 

23 

11 

7 

2 

31 

11 

16 

20 

22 

34 

35 

44 

45 

46 

20 

21 

22 

12 

34 

35 

36 

UO 

41 

U2 

45 

46 

14 

23 

15 

23 

24 

25 

15 

26 

14 

25 

26 

27 

28 

29 

24 

22 

23 

35 

44 

26 

27 

29 

35 

36 

37 

38 

39 

40 

NOVELS  » 

0 

78 


PIL3 


BLAND 


DATA 


NAVJL    POSTGRADUATE    SCHOOL 


ATTRIT    VAR    =  DSEED    =  . 

BETA    DIST.     INFUT  PARAMETERS:        FP    =  ' 

ATTRIT    VAR    =  DSEED    =  . 

BETA    DIST.     INFUT  PARAMFTERS:        FD    =  ' 

NO.     DEF    UNITS    =  NO.     ATK    UKITS    = 

RNINTK    =  .  RHXTK    =  .        RHIUTW 

TYPE    CF    ROUTE    =  VEHIClE'lPlED   = 

XIC(1,1)     =  ."       YIC(1,1)      *  7~ 


(FOR    AGGRESSOR  FORCES) 

QQ    ■ 
TFDR    DEFENSIVE  FORCSSf 
._       QD    =  _._ 

RMXTW    = 


NO.  CF  NODE'S-?!) 
XLOC  (1,1)  = 

NO.  OF  NODES- 7T> 
XLOC  (2.  1)  = 

NO.  CF  NODETTO 
XLOC  (3,  1)  = 

XLOC  (3,2    = 
DE?    UNIT    X    = 

I 
LOCATION 

ALT.    POS.    "VTHT 
XA 
XA 


'Hi 


3Foa 


"ROUTE 

YLOC11 ,1) 
'ROUTE 

YL0C12,1) 
'ROUTE 


YLOC73,1)   * 
•#2J  = 


I      YLOC(3, 


BREAK 
YA 
YA 


UK    PT 


POR    NODE    1    OP    ROUTE    1 

FOR    NODE     1    OF    ROUTE    2 

FOR    NODE     1    OF    ROUTE    3 
FOR    NODE    2    OF    ROUTE    3 
FCPCE       .  DIR.  WIDTH 

LEVEL — ."         OF  OF 

'""."       PIPS    SRCH 

NO.    TTBE~SrSPS    POtTHOVE 
POR    ALT.    POS.     1 
2 
3 


PHH 


PHM 


PKH 
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B.       INTERACTIVE    GRAPHICAL    SUPPORT    DATA    SET 

The  interactive  graphical  support  program  requires 
specific  data  from  the  small-unit  amphibious  operation 
combat  model.  Upon  execution  of  the  combat  model,  the  data 
needed  for  the  support  program  are  found  on  various  files. 
The  names  of  these  files  are  associated  to  a  degree  with  the 
type  of  data  within  them.  A  brief  explanation  of  each  file 
follows  with  an  example  of  each  file  presented  after  the 
discussion    of   all   the   files. 

1 .  ALTCORD    Cut  gut   File 

ALTCORD  output  file  contains  the  coordinates  of  the 
alternate  firing  positions  of  the  3efensive  forces  in  the 
land  combat  phase.  There  are  two  columns  in  the  file  with 
the  left  column  representing  the  x-axis  coordinates  and  the 
right  cclumn  representing  the  y-axis  coordinates  of  the 
positions.  Each  row  represents  a  defensive  unit  (i.e.  row  1 
-   unit   U;    row    2    -   unit   5;    row  3    -   unit    6). 

2.  IINALGRD   Output    File 

FINALGRD  output  file  lists   the   attrition  at  the 

termination  of  the  battle  for  all  the  units  in  the  land 
combat  phase.  The  first  row  represents  the  units  1,2,  3r 
and  4  while  the  second  row  represents  the  units  5  and  6. 

3-   FINALSSA  Output  File 

FINALS3A  output  file  has  the  same  function  as  the 
previous  file  except  the  values  in  this  file  are  fcr  the 
units  involved  in  the  ship-to- shore  combat  phase. 
Presently,  there  are  seven  units  in  this  phase.  Thus,  the 
numbering  seguerce  for  the  first  row  represents  wave  1 
through  wave  4  and  the  second  row  represents  wave  5,  tank, 
and  ATGM. 
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u-       I GRAF    Da+a    File 

IGRAF  data  file  consists  of  the  data  relating  to  the 
time  step,  total  time  st=p,  and  ending  time  for  each  phase 
of  the  battle.  Each  variable  in  this  file  is  listed  with  a 
description  of  it.  These  variables  are  used  in  the  line 
graph    and    bar   chart    features   of    the   support    program. 

5-      IVATAT    Number   File 

1VATAT  number  file  contains  the  LVA,  tank  and  ATGN 
numbers  assigned  to  these  forces  by  the  jser  in  the  SEA1 
data    file.  These    numbers      are    utilized      to    establish      the 

secondary   y-axis   labels   on      the    line    graph    for      the   ship-to- 
shore   combat    phase. 

6.  TOTALGRD    Out£Ut    File 

TOTALGRD  output  file  contains  the  attrition  percen- 
tage per  time  step  remaining  of  each  unit  within  the  land 
combat  phase.  These  percentages  are  utilized  to  provide  the 
y-axis   values   for   the   line    graph    for    the    land   combat    phase. 

7.  TOTJLSFA    OutDUt    Fj.le 

TOTALSEA  output  file  contains  the  attrition  percen- 
tage per  time  step  remaining  of  each  unit  within  the 
ship-to-shore  coirbat  phase.  These  percentages  provide  the 
same    usage    as    expressed   in    the   previous    section. 

8.  UNITS    Nujrber    File 

UNITS  nuirber  file  contains  the  initial  unit  strength 
of   each   unit      in   the    land   combat   phase.  These    numbers    ars 

used    to    establish   the   secondary    y-axis    of   the    line    graph    for 
the    land   combat    phase. 
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9.       XCCRD    Ou+DUt    File 

XCORD  output  file  contains  the  x-axis  coordinate 
value  per  time  step  of  each  unit  in  the  land  combat  phase. 
These  coordinates  in  conjunction  with  the  y-axis  coordinates 
are  utilized  to  determine  the  location  for  placing  the 
center   of      the   urit's   symbol:         tank.  Audi4-  ionaiy ,      these 

coordinates   determine      the    location      for    the      primary    firing 

c 

position   symbol    cf    the   defensive   forces'    units   u    through    6. 

1  0.       YCCPD   0 _it£Ut    file 

YCORD  output  file  is  the  other  half  of  ■Lhe  coordi- 
nate system  needed  to  determine  the  location  of  each  unit. 
This  file  and  the  XCORD  output  file  together  provide  the  x 
and  y  coordinates  utilized  in  the  grid  map  for  various  func- 
tions   as    discussed    in   the   previous    section. 
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PILE:     ALTCORD       OUTPUT 


NAVAL    POSTGRADUATE    SCHOOL 


4500. C  3800.0 
4500.0  2700.0 
4600.0       1800.0 


FILE:     PINALGRD    OUTPUT 


71.9420  776 
100.000300 


98.8007965 
.0 


NAVAL    POSTGRADUATE    SCHOOL 

100.000000  100.000000 


PILE:     FINALSEA    OUTPUT 


NAVAL    POSTGRADUATE    SCHOOL 


75.9999347 
100.000000 


84.9999847 
.3 


86.6666565 
.0 


100.000000 


FILE:     IGRA? 


DATA 


NAVAL    POSTGRADUATE    SCHOOL 


TIME    STEP    FOR    SHIP-TO-SHORE    PHJSE  =  30.0 

ENDING    THE    FOR    SHIP-TO-SHORE     EHASE  =  445 

TOTAL    TIME    STIPS    FOR    SKIP-TC- S EORE    PHASE  =  46.0 

TIME    STEP    FOR    LAND    COMBAT    PHASE  =  20.0 

LAND    COMBAT     ATTACK    TIME  =  440.0 

BEGINNING    TIME    FOR     LAND    COMBAT    PHASE  =  460 

ENDING    THE    FCR    LAND    COMBAT    PHASE  =  520 

TOTAL    TIME    STEPS    FOR    LAND    COMBAT    PHASE  =  5.0 


FILE:    LVATAT 


25. OCOOOOO 
5.00000000 


NUMBER 


NAVAL    POSTGRADUATE    SCHOOL 


20.0000000 
10.0000000 


15.0000000 
10.0000000 


10.0000000 


FILE:    TOTALGRD    OUTPUT         A         NAVAL    POSTGRADUATE    SCHOOL 


100.0 

100.0 

100.0 

78.3 

71.9 


100.0 
100.0 
100.0 
100.0 
98.8 


100.0 
1C0.0 
100.0 
100.0 
100.0 


100.0 
100.0 
100.0 
100.0 
100.0 


100.0 
100.0 
100.0 
100.0 
100.0 


100.0 

100.0 

100.0 

36.9 

0.0 
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FILE:  TOTALSEA  OUTPUT    A    NAV JL  POSTGRADUATE  SCHOOL 


100.0 

100.0 

1C0.0 

100.0 

100.0 

100.  0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

99.9 

99.9 

100.  0 

100.  0 

100.0 

100.0 

100.0 

99.9 

99.8 

100.  0 

100.0 

100.0 

100.0 

100.0 

99.8 

99.8 

100.0 

100.0 

1C0.0 

100.0 

100.0 

99.8 

99.7 

100.  0 

100.0 

100.0 

100.0 

100.0 

99.7 

99.6 

100.  0 

100.0 

100.0 

100.0 

100.0 

99.6 

99.5 

100.0 

100.') 

100.0 

100.0 

100. 0 

99.6 

99.4 

100.0 

100.') 

1C0.0 

1C0.0 

100.0 

99.5 

99.4 

100.0 

100.0 

100.0 

100.0 

100.0 

99.5 

99.3 

100.0 

100.0 

100.0 

100.0 

1C0.0 

99.  4 

99.2 

100.0 

100.0 

100.0 

100.0 

100.0 

99.3 

99.  1 

92.0 

100.0 

100.0 

100.0 

100.0 

99.3 

.  99.0 

76.  0 

100.0 

100.0 

100.0 

100.0 

98.9 

98.6 

76.0 

100.0 

100.0 

100.0 

100.0 

97.9 

97.2 

76.0 

100.0 

100.0 

100.0 

100.0 

96.9 

95.7 

76.0 

100.0 

1CO.0 

100.0 

100.0 

95.9 

9U. 3 

76.0 

100.0 

1C0.0 

100.0 

100.0 

9U.  8 

9  2.9 

76.0 

100.0 

100.0 

100.0 

1C0.0 

93.8 

91.5 

76.0 

100.0 

100.0 

100.0 

100.0 

92.7 

90.1 

76.0 

100.0 

1C0.0 

100.0 

100.0 

91.7 

88.6 

76.  0 

100.0 

1C0.0 

100.0 

100.0 

90.6 

87.2 

76.0 

100.  3 

1C0.0 

100.0 

100.0 

89.6 

85.8 

76.0 

100.0 

100.0 

100.0 

100.0 

83.5 

84.  U 

76.0 

90.0 

100.0 

100.0 

100.0 

87. a 

83.0 

76.0 

85.0 

100.0 

.100.0 

100.0 

86.  1 

81.2 

76.0 

85.0 

100.0 

100.0 

1C0.0 

84.2 

73.5 

76.0 

85.  ) 

1C0.0 

100.0 

100.0 

P2.2 

76.0 

76.0 

85.0 

1C0.0 

10  0.0 

100.0 

80.  1 

73. a 

76.0 

85.0 

100.0 

1C0.0 

100.0 

73.  1 

70.8 

76.0 

85.0 

100.0 

100.0 

100.0 

76.0 

68.2 

76.0 

85.  ) 

100.0 

100.0 

100.0 

73.9 

65.6 

76.0 

85.0 

100.0 

100.0 

100.0 

71.8 

63.0 

76.0 

85.  ) 

100.0 

100.0 

1  00.0 

69.7 

60.4 

76.0 

85.0 

100.0 

100.0 

nc.o 

67.5 

57.7 

76.0 

85.  ) 

100.0 

100.0 

100.0 

65.  4 

55.  1 

76.0 

65.0 

53.3 

100.0 

100.0 

63.  1 

52.5 

76.0 

85.  ) 

66.7 

100.0 

100.0 

60.7 

49.7 

76.0 

85.0 

66.7 

100.0 

100.0 

57.6 

U6.2 

76.0 

85.0 

66.7 

100.0 

100.0 

54.5 

42.7 

76.0 

85.0 

66.7 

100.0 

100.0 

51.2 

39.1 

76.0 

85.0 

e6.7 

100.0 

100.0 

U7.9 

35.6 

76.0 

85.  ) 

e6.7 

100.0 

100.0 

au. 5 

3  2.1 

76.0 

85.0 

86.7 

100.0 

100.0 

41.0 

28.6 

76.0 

85.0 

86.7 

100.0 

100.0 

37.4 

25.1 

76.0 

85.0 

86.7 

100.0 

100.0 

0.0 

0.0 
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FILE:     YCORD  OUTPUT  A  NAV  IL  POSTGRADUATE    SCHOOL 

1900.0      2400.0      2100.0       2700. C  2300.0       1700.0 

1915.8      2393.3       2060.1       2700. C  2300.0       1700.0 

1931.6      2386.6       2020.2       2700.0  2300.0       1700.0 

1947.3      2380.0       1960.2       2700. C  2300.0       1700.0 

1947.3      2373.3       19U0.3       2700. C  2300.0       1700.0 


fILE:     UNITS  NUHBEH  A  NAV  IL    POSTGRADUATE    SCHOOL 

21.0000000  21.0000000  21.0000000  10.0000000 

5.00000000  10.0000000 


FILE:     XCORD  OUTPUT         A         NAViL  POSTGRADUATE    SCHOOL 

2000.0      1900.0       1500.0      3800. C  3800.0       3600.0 

2078.9       1980.2       1569.9       3800.0  3300.0       3600.0 

2I57.3      2060.4       1639.7       3800.0  3800.0       3600.0 

2236.7      2140.5       1709.6       3800.0  3800.0       3600.0 

2236.7      2220.7      1779.4      3800. C  3800.0      3600.0 
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APPENDIX    C 
EXECUTIVE    PROGRAM 

for   the 
INTERACTIVE     GRAPHICAL    SUPPORT 

and 

A    SMALL-UKIT     AMPHIBIOUS    OPERATION    COMBAT    MODEL 

The  executive  program,  WAR1  EXEC,  is  designed  to  Drcvide 
an  interface  between  the  small-unit  amphibious  operation 
combat  model  and  the  interactive  graphical  support  program. 
The    seguence   of    events   within  the   executive    program   are: 


1.  Compile  the  small-unit  amphibious  oper- 
ation model  and  the  interactive  support 
programs. 

2.  Erase   the  listings    of   the    two    programs. 

3.  Establish  the  file  definitions  reguirec 
for   the   two   programs. 

4.  Loa  c"  and   execute   the    modal. 

5.  Access  LISSPLA  EXEC  which  loads  and  ex- 
ecutes   the    interactive    graphical    support. 

6.  Prirt    the   battle   summary    contained    in 
AMPKIB1    LISTING    file. 

7.  Browse    the    AMPHIB1    LISTING    file. 

8.  Exit   when   the    user    is    finished. 


Tha  executive  program  provides  the  user  with  a  display  of 
the  above  seguence  of  events  after  he  types  in  WAR1.  After 
reading  the  above  sequence  of  events  and  pressing  the  enter 
key,  the  executive  program  begins  tha  first  event  above. 
This  event  compiles  the  small-unit  amphibious  operation 
combat  model  first,  and  upon  completion  of  compilation,  the 
executive  progra n  starts  to  compile  the  interactive  graph- 
ical support  program.  When  this  compilation  is  completed, 
the  executive  prcgram  erases  the  two  listings  generated  by 
the  compilation  process  because  of  the  percentage  of  disk 
space    consumed    by  these   listings.  The   next    event    accesses 
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precompiled  libraries  and  establishs  the  definitions  of 
files  required  by  the  two  programs.  These  files  ar° 
required  for  each  retrieving  and  writting  data.  Upon 
completion  of  this  event,  the  executive  program  loads  and 
starts  the  small-unit  amphibious  operation  combat  model. 
When  the  model  has  completed  its  processing,  the  executive 
program  queries  the  user  regarding  whether  or  not  he  wishes 
to  run  the  interactive  graphical  support  program.  If  he 
dees,  DISSPLA  EXEC  is  accessed  which  loads  and  starts  the 
program.  If  he  does  not,  the  executive  program  branches  to 
the  nex4-  query  regarding  the  printing  of  the  battle  summary. 
Again  the  user  is  asked  to  respond  to  a  question,  this  time 
determining  whether  he  wants  a  copy  of  the  battle  summary. 
Once  the  user  decides,  the  program  will  either  print  the 
battle  summary  or  branch  to  the  next  query.  The  next  query 
is  the  seventh  event  which  also  questions  the  user  reaarding 
whether  he  wishes  to  examine  the  AMPHI31  LISTING.  Upon 
execution  o:  th s  user's  answer,  the  final  event  is  ques- 
tioning the  user  if  he  wishes  to  exit  the  executive  proqram 
or  run  the  model  aqain.  Depending  upon  the  answer,  the 
executive  program  will  either  continue  the  processing  of 
events  oegi:mir.g  with  number  three  or  termina-e  the  execu- 
tive ciogran.  A  listing  of  the  executive  program  follows  on 
the  next  Dage. 
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file:    warn 


EXEC 


NAVIL    POSTGRADUATE    SCHOOL 


STRACE 


THIS    EXEC    WILL    PFBFORM    THE    FOLLOWING: 

1.  COKPLIE    "WA21"    AN!    "GRAFIT"     FORTRAM    PROGRAMS 

2.  ERASE    "WAR1"    AND     "GRAFIT"    LISTINGS 

3.  FILEDEF    APPROPRIATE    FILES    FOR    THE    TWO 
U.  LOAD    AND    START    "WAP.1"    PROGRAM 

5.  ACCESS    DISSPLA    EXEC    TO    LOAD    AND    START 

6.  FRINT    AMFHIB1    LISTING 

7.  EROWSE    THE    AMPHIB1    LISTING 

8.  EXIT    EXEC    WILL    USER    IS    FINISHED 


PROGRAMS 
"GRAFIT"    PROGRAM 


SBEGTYPE    -ENDTELL 

THIS    EXECUTIVE 


PROGRAM    WILL 


1. 

2. 
3. 
4. 
5. 

6. 

7. 

8. 
-ENDTELL 
SBEGTYPE  -PRESS 


COMPILE  TWO  FC3TRAN  SOURCE  PROGRAMS  - 

"WAR1"  AND  "GFAFIT"  USING  THE  "FORTGI"  COMPILER 

ERASE  THE  "WAF1"  AND  "GRAFIT"  LISTINGS 

DEFINE  THE  FILES  REQUIRED  FOR  THE  TWO  PROGRAKS 

LOAD  AND  EXECITE  THE  "WAR1"  PROGRAM 

ACCESS  "DISSPLA"  WHICH  WILL  LOAD  AND  EXECUTE 

THE  "GRAFIT"  ERCGRAM 

PRINT  BATTLE  SUMMARY  CONTAINED  IN  "AMPHIB1 

LISTING"  FILE 

BROWSE  THE  "AHPHIB1  LISTING"  FILE 

EXIT  WHEN  USEB  IS  FINISHED 


*  *** 


****    PRESS  ENTER  TO  CONTINUE 
-PRESS 
SREAD  VAR 
CLRSCRN 

* 

*  COMPILE  THE  TWO  PROGRAMS 
S3EGTYPE  -ENDCP1 

COMPILING  OF  "WARV1  PROGRAM  DEGINS  . 

-ENDCP1 
FCRTGI  WAR1 
SBEGTYFE  -PRESS1 

****    PRESS  ENTER  TO  CONTINUE   **** 
-PRESS  1 
6RFAD  VAR 
ERASE  WAB1  LISTING 
CLRSCRN 
SBEGTYPE  -ENDCP2 

COMPILING  OF  'GRAFIT"  PROGRAM  BEGINS 

-ENDCP2 
FORTGI  GRAFIT 
SEEGTYEE  -PRESS2 

****    PRESS  ENTER  TO  CONTINUE   **** 
-PPESS2 
SREAD  VAR 

ERASE  GRAFIT  LISTING 
CLRSCRN 
SBEGTYPE  -SETUP 

....  WAR1  FORTRAN  PROGRAM  IS  BEING  LOADED 
....  EXECUTION  WILL  SOON  FOLLOW  .... 

-SETUP 
-A 

* 

*  SET    UP    FILE    DEFINITIONS    FCR    THE   TWO    PROGRAMS 
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FILE:  WAR1 


EXEC 


NAVJL  POSTGRADUATE  SCH03L 


GLOBAL  T 

FILEDEF 

FILEDEF 

FILEDEF 

FILEDEF 

FILEDEF 

FILEDEF 

FILEDEF 

FILEDEF 

FILEDEF 

FILEDEF 

FILEDEF 

FILEDEF 

FILEDEF 

FILEDEF 

FILEDEF 

*      LO 

LOAD  WAR 

* 

GBEGTYPE  -WAR 


XTLIB    FORTMOD2    MOD2EEH 


01 
02 
03 
OU 
05 
06 
07 
08 
09 
32 
33 
3U 
35 
36 
37 


DISK 
DISK 
DISK 
DISK 
DISK 
DISK 
TERM 
TERM 
DISK 
DISK 
DISK 
DISK 
DISK 
DISK 
DISK 


TOTALSEA  OUTPUT 
FINAL5EA  OUTPUT 
TOTALGFD  OUTPUT 
FINALGPD  OUTPUT 
SEA1  DATA 
AUPHIB1  LISTING 


IMSLSP 
PERM 
PERM 
PERM 
PERM 


NONI MSL  CHSLIB 


LAND  DATA 
ISFAF  DATA  fPERP 
LVATAT  NUMBER  (PERM 
UNITS  NUMBER  (  PERM 
XCORD  OUTPUT  (PERM 
YCORD  OUTPUT  (PERM 
ALTCORD  OUTPUT   (PERM 


AD  AND  EXECUTE  THE  "WAR1"  PROGRAM 
1  (  START 


****   THIS  CONCLUDES  THE  WAR1  PROGRAM   **** 


-WAR 

GBEGTYPE  -PRESS3 


****   PRESS  ENTER  TO  CONTINUE   **** 


-PRESS3 
6READ  VAR 

* 

*  ASK    USER    IF    WISH    TO    2XECU 

*  IF    YES,     ERA1CH    TO    -B   TO    E 

*  IF    NO,     ERANZH    TO    -C    TO    QU 

CLRSCRN 
GBEGTYPE    -QUEST1 

DC    YOU    WISH    TO    EXECUTE 
ANSWER       I 
-OUEST1 

SHE  AD    VAR    GANS 
GIF    /GANS    =    /Y 
GGOTC    -C 
-B    CLRSCRN 
EXEC    DISSPLA    GRAFIT 
-C    CLRSC5N 

*  QUESTION    USER    IF    HE    WISHE 

*  "AMPHIB1     LISTING"    FILE    WH 

*  IF    YES,     PRINT    FILE 

*  IF    NO,     EFANCH    TO    -U 

GBEGTYPE    -QUEST2 


TE    "GRAPH"     PROGRAM 
XECUTE   THE    PROGRAM 
ESTION    USER     AGAIN 


"GRAFIT"    PROGRAM? 
CR       N 


GG3TO    -B 


S   TO    PRINT     CURRENT    VERSION    OF 
ICH    CONTAINS    THE    "BATTLE    SUMMARY" 


AMPHIB1    LISTING    FILE     CONTAINS    THE    BATTLE    SUMMARY 

OF    WAR1     PROGRAM. 

IF    YCU    WISH    TO    RUN    TH; 

BATTLE    SUMMARY    WILL    B; 


E    MODEL    AGAIN,    THE    CURRENT 
iE    WRITTEN    OVER. 


DO     YOU    IISB    TO 


PRINT 
ANSWER 


-QUEST2 

6READ    VAR    GANS 

GIF    /GANS    -=    /Y    GjOTO    -D 

PRINT    AMPHIB1     LISTING 

CLRSCRN 

GBEGTYPE  -PRINT 

....   FILE  ENTERED 
....   AVAILABLE 
-PRINT 
GBEGTYPE  -PRESS4 


THE  CURRENT  "AHPHID1  LISTING"  FILE? 
Y   OR   N 


IN 
PO 


TO    VM    PRINTER   QUEUE 
P    PICK    UP    SHORTLY       . 
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FILE:  WAR1       EXEC       A    NAVAL  POSTGRADUATE  SCHOOL 

****   PRESS  ENTE*  TO  CONTINUE   "*** 

-PFESS4 
EREAD  VAR 
-D  CLRSCBN 
S3EGTYPE  -QUEST3 

DO  TOO  WISH  TO  BROWSE  THE  "AMPHIB 1  LISTING"  PILE? 
ANSWER   Y   OR   N 
-OUEST3 

SREAD  VAR  CANS 
SIF  /SANS  -=  /Y  SGOTO  -E 
EROWSE  AMPHIB1  LISTING 

*  QUESTION  USER  IF  HE  WANTS  TO  RON  MODEL  AGAIN 

*  IF  YES,  ERANCH  TO  -A 

*  IF  NO,  EXIT  EXECUTIVE  FILE 
* 

-E  CLRSCRN 
SBEGTYPE  -QUEST4 

DO  YOU  WISH  TO  EXECUTE  THE  MODEL  ("WAiV  PROGRAM)  AGAIN? 

ANSSER   Y   OR   N 
-QUESTU 

SREAD  VAR  SANS 
SIF  /SANS  =  /Y  SGOTO  -A 
CLRSCRN 
S3EGTYPE  -END 

....   THIS  CONCLUDES  THE  EXECUTIVE  PROGRAM   .... 
....   GOOD  DAY   .... 
-END 
SEXIT 
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APPENDIX    D 
MODEL    AND    GRAPHICS    OUTPUT 

for   the 
INTERACTIVE     GRAPHICAL    SUPPORT 

and 
A    SMALL-OKIT     AMPHIBIOUS    OPERATION    COM3AT    MODEL 

The  output  generated  by  the  small-unit  amphibious  opera- 
tion combat  model  and  the  interactive  graphical  support  are 
two  different  facets  of  computer  science.  The  model's 
output  is  a  computerized  output  consisting  of  alphanumerical 
characters,  whereas  the  support  program's  output  deals  with 
graphical  representation  of  da-a  gtnerated  by  the  model. 
Thus,  a  unique  ar d  supportive  analysis  of  The  input  data  is 
provided  with  the  utilization  of  both  forms  of  output.  The 
user  is  better  a  hie  to  visualize  and  analyze  the  output  data 
with    this   c  cm  bin  alien   of   outputs. 

A.       BODEL'S    OUTPUT 

The  small-urit  amphibious  operation  combat  model's 
output  is  a  computerized  listing  consisting  of  alphanumeric 
characters.  This  cutput.  reports  en  each  phase  of  combat. 
Each  phase's  output  is  broken  down  into  two  parts.  The 
first  part  is  the  initial  information  which  is  a  representa- 
tion of  -he  input  data.  The  purpose  for  this  reprinting  is 
to  act  as  a  record  of  the  scenario  that  the  model  analyzes, 
and  as  a  check  for  the  user  to  verify  that  the  data  were 
inputted   correctly    by   the    program.  The    second    part    is   the 

battle   summary   where      the   detail   of   this      par-,   is    determined 
by   ■'•he   user.         Depending    upon    which    option    the   user   selects, 
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the  battle  summary  is  produced  for  each  time  step  or  for  rhe 
final  time  step.  The  battle  summary  reports  on  the  status 
of  both  the  aggressor  and  defensive  forces  during  the 
battle.  The  example  of  the  output  which  follcws  is  based 
upon  the  input  data  listed  in  Appendix  B. 
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**    INITIAL    SHIP-TO-SHORE    PHASE    INFORMATION    ** 

INITIAL    PCRCE    STRENGTH 
WAVE       1  2  3  U  5 

LVA      25.0      20.0      15.0       10.0         5.0 

DEF.     TANK    ASSETS    =     10.0  DEP  .    ATGM    ASSETS    -    10.0 

LVA    ENGR    SPECS 

SPDMAX       SPPMIN         HTMAX       HTMIN         IID 
U0.00         10.50  1.70         0.60       2.53 

DEFENSIVE    TACTICAL    PARAMETERS 

RANGE  AIM-RELOAD  FROJECTILZ 

MAX  MIN  TIMF  VELOCITY 

TANK     1500.0  15.00  350. 0,0 

ATGM    2000.0       200.0       30.00  350.00 

DEFENSIVE   TACTICAL    ALLOCATION    WEIGHTS: 
WAVE    1    =      2.00    WAVE    2    =       1.00 

DEFENSIVE    FORCE    ATTRITION    COEFFICIENTS 

ALPHA**  BETA*A 

DT  0.00006  0.00070 

DS  0.00008  0.00090 

AIMED    FIRE    ATTRITION    RATE    COEFFICIENTS    FOR 
DEFENSIVE    TANK    AND    ATGM    A 5SETS 

WBETA(1)  =0.00  0  50    W BET A  (2)  =0.  000  70 

BREAKPOINT    ASSUMPTION:    0.3*(TOT*L    DFF    FORCE) 

DEFENDER    ATTRITION    LEVEL    ALLOWIKG    FOR    LAND    COMBAT 
0.32*  (TOTAL     DEFENDER    FORCE) 

ARTM    SUP    FACTOE=   50.0      ERROR    SUE    FACTOR  =  100.0 

DISPERSION    DATA 


HANGE 

TS1GV 

RANGE 

TSIGH 

RANGE 

TMEANH 

.   25.0 

CO 

25.0 

0.0 

25.0 

0.0 

500.0 

2.  0 

500.0 

2.0 

500.0 

1.0 

1000.0 

5.  0 

1000.0 

5.0 

1  COO.O 

5.0 

2000.0 

20.  0 

2000.0 

20.0 

2C00.0 

10.0 

5C00.0 

25.  0 

5000.0 

25.0 

5C00.0 

15.0 

10000.0 

25  .0 

10000.0 

25.0 

1OC0O.O 

15.0 

RANGE 

SSIGV 

RA  HG  E 

SSIGH 

25.0 

CO 

25.0 

0.0 

250.0 

5.0 

250.0 

5.0 

500.  0 

7.  5 

500.0 

7.5 

100  0. 0 

1U.  0 

1000.0 

1U.0 

2500.0 

15.  5 

25  00.0 

15.5 

5000.0 

17.  0 

5000.0 

17.0 

10000.0 

2C  0 

10000.0 

20.0 

CURRENT    STATUS    OF  WAVE    I    VARIABLE    DEFINITIONS 

0  -    NOT    ENGAGING 

1  -    LANDED 

2  -    UNDER    FIRE    3Y  ATGM 

3  -    UNDER    FIRE    BY  TANK 

4  -    UNDER    FIBE    BY  BOTH    ATGM    &   TANK 
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*****    THE    SHI  F-TO-SHORE    PHAS2    BEGINS    ***** 

BREAKPOINT    REACHED    AT    IIHE    =       4  45.0    SECONDS 

TIME*    445.0    SECONDS 

TOTAL    SURVIVING 

C 

64.00 

0.0 
FINAL    LVA    SURVIVORS    ASHORE=  64.000 

LAND    COHEAT    STARTS     WHILE    SHORE    COMBAT    IS    GOING    ON 

LAND    COHBkT    ATTACK    TIME"    440.0    SECONDS 


WAVE 

PORCK     LEVEL 

STATUS 

LOST-PCT 

1 

14. ooco 

1 

0.240 

2 

17.0000 

1 

0.150 

3 

1.1.0000 

1 

0.133 

4 

10.0000 

2 

0.0 

<; 

5. OOCO 

0 

0.0 

TANK 

0.0 

1  .000 

ATGM 

0.0 

1.000 

9U 


**    INITIAL    LASD    C0.1BAT    INFORMATION    »* 


LOCATION 

UNIT 

X 

Y 

FORCE     IEVEL 

1 

2000.  0 

1900.0 

21.0 

2 

1900- 0 

2400.0 

21.0 

3 

1500.  0 

2100.0 

2  1.0 

« 

3800. 0 

27  00.0 

1C.0 

5 

3800.  0 

2300.0 

5.0 

6 

360C. 0 

170O.0 

1C.0 

ATTRITION    13    STOCHASTIC 

ROUTES    DETERMINED    BY    USER 

ATTACK    VEHICLE    SPE2D    IS    18.0    M.f.H. 

BREAKPOINT    DISTANCE    IS       500.0    METERS 

DEFENDER    MILL    MOVE    TO    ALTERNATE    POSITIONS 
ALTERNATE    POSITIONS    ARE: 
UNIT  X  Y 

4  4500.0        3800.0 

5  4500.0         2700.0 

6  4600.0         1900.0 

ATK  KILL  PROBABILITIES 

RANGE  P  EHH  PHM  PKH 

500  0.60  0.70  0.65  0.85 

1000  0.65  0.90  0.85  0.90 

1500  0.30  0.85  0.85  0.80 

2000  0.75  0.3C  0.75  0.70 

2500  0.60  0.70  0.65  0.65 

3000  0.40  0.45  0.40  0.50 

DEF.  KILL  PROBABILITIES 

RANGE     P  FHH  PHM  PKH 

500  0.8*  C.85  0.75  0.70 

1000  0.60  0.80  0.75  0.70 

1500  0.75  0.75  0.7C  0.60 

2000  0.60  0.65  0.60  0.55 

2500  0.45  0.50  0.5C  0.35 

3000  0.20  0.20  0.20  0.20 

CURRENT  STATUS  OF  UNIT  I  VARIABLE  DEFINITIONS 

0  -  ALIVE    NOT    FIRING 

1  -  ALIVE    AND    FIRING 

2  -  KILLED 

3  -  MOVING 

VEHICLE    SPEED    VARIABLE    DEFINITIONS 

1    -      9  HPH 

2-12  MFH 

3-15  MFH 

4  -    18  HPH 
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*****   THE    LAND    COMBAT    PHASE    BEGINS    ***** 

****    DEFENSIVE    FORCE    IS    ELIMINATED.       END    OF    BATTLE. 
TIME  =    520    SECONDS 


ASSADLT    UNIT     INFORMATION 

UNIT               X                       Y               FORCE    LEVEL  STATOS  LOST-PCT       TARGETS 

1  2236.7         1947.3                   15.1  1                0.281         6 

2  222C.7         2373.3                   20.7  1                0.012         6 

3  1779.4          1940.3                    2  1.0         ■  0                 0.0 

DEFENSIVE    UNIT    INFORMATION 

UNIT               X                       Y               FORCE    LEVEL  STATOS  LOST-PCT       TARGETS 

4  380C.0         2700.0                   10.0  0                0.0 

5  3800.0         2300.0                      5.0  0                0.0 

6  3600.0         1700.0                     0.0  2                1.300          1    2 
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B, 


GRAPHICS  OOTEOT 


The  output  of  the  interactive  graphical  support  program 
is  classified  into  three  types.  rhs  first  type  is  the  lin«? 
graph  which  presents  a  visual  representation  of  -he  attri- 
tion and  the  percentage  of  initial  strength  remaining  of  a 
fcrce  during  com  hat.  The  second  type  is  the  bar  chart  which 
focuses  on  the  percentage  of  forces  remaining  at  the  termi- 
nation of  combat.  The  last  type  is  the  grid  map  which 
displays  the  Fulca  Gap  arsa  of  West  Germany  without  contour 
lines.  The  grid  map  also  displays  the  lccation  cf  forces, 
avenues  of  approach,  and  primary  and  alternate  firing  posi- 
tions of  defensive  forces  within  the  land  combat  phase.  An 
example  of  each  type  of  output  available  via  interactive 
graphical  support  program  follows  and  are  based  upon  the 
input  data  listed  in  Appendix  B. 
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LAND   COMBRT   PHRSE 

TINRL  5TBTU5  OF  AGGRESSOR  UNITS 
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